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alkanesulfonic acid as a photoacid generator. This com- 
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outgas, nor T-shaped pattern profiles, nor change in 
linewidth attributable to process time delay, on the other 
side, high sensitivity and resolution, and good pattern 
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Description 

BACKGRO UND OF THF INVENTION 
Field Of thff Invention 

fT! J «, TUVl invention relates to a c h ^ica!ly amplified radiation sensitive composition, and more oarticu- 
mfcro object ^ ** manUfaCtUre * eleCtronic Componente - P rintin 9 ™* KSSSi 

Background Art 

SS? ri inCr l ase , in the Pressor speed attained by the development of microelectronic devices with higher inte- 
gral on density .n the electronic industry has lead to a demand for further improved radiation sensitive composites 
That .s, an movement m properties, such as resolution of photoresists and dimensional accuracy of images has 
been required for satisfying demands in the microelectronic device production industry. 
[0003] According to the Rayleigh's equation 

Ft = k , • X/NA 

rl e MA n Rdenotes th9 ( ultima,e resolution, k, is a constant. X is the wavelength of the light source used in exposure 
e^nrl « nm r^^ rtur9 °< the 'laminating optical system, use of a light source having shorter wavelength in 
J"? T r M . tHm *f enhance ,he u,timate This has been effectively applied to the transition ofirra 

SEESI? 8 ? T 1 7 6 (436 ^ t0 Mine (36S nm) ' haS PUSh6d the reS0,uti0n limits of convenliona. near UV 
irrad.at.on technology to below 0.30 „m. With the need to produce even smaller features, shorter wavelength radiation 

exhibit h.gher energy than those generated from near UV radiation sources. Therefore, the number of photons per unS 
fn^, y ' S Sma * 3 9 ,0 a demand for radiation sensitive compositions with hioher sensitivity. 
[0004] Radiation sensitive compositions called "chemically amplified photoresists" are known in the art and are 
advantageous in that the catalytic imaging process can provide high photosensitivity. By virtue of high photos' ensitivitv 

~«^££?° n - C v miCa " y ampWi6d radiati ° n SSnSit,Ve compositions are being miJJSS^SZ 
rad.at.on sens.t.ve compositions and being spread. The chemically amplified radiation sensitive compositions coZfce 
a radiation sensitive acid generating agent (photoacid generator; hereinafter often referred to as "PAG") which oener 
ates an acid. Upon exposure, this PAG releases an acid which catalyzes a layer dissolution reaction in the case of oos- 
SS2° « photoresists and catalyzes a crosslinking reaction in the case of negative-working photoresists 
c2 LimT 0 ^ 9 chemically amplified photoresists are the so-called "two component systems" which basi- 
cal y compnse. (1) a resin wh.ch has been rendered insoluble in alkaline solutions by masking at least a part of the 
water- soluble groups on the resin with an add cleavable protective group; and (2) a PAG. Optionally low molecular 
we.ght or phenol derivatives masked with acid cleavable protective groups described below are added to further 
improve the lithographic performance. This system is known as a "three component chemically amplified radiation sen- 

oln^Tr* 0 ": UP ° n f^ 8 ' ,hS PA ° pr0dUC6S 3 *™ 9 acid Capab,e of c,eavina •» bond between proteose 
group and the resin, resulting ,n the formation of an alkali -soluble resin. Acid molecules produced from the PAG uoon 

T not c° nsijmed b y a single reaction for cleaving the protective group from the resin, and one acid molecule 
produced during the exposure can cleave a large number of protective groups from the resin. This contributes to the 
high sensitivity of chemically amplified radiation sensitive compositions. 

[0006] Many two or three component positive-working photoresist compositions comprising polyhydroxystyrene 
resins or phenol derivatives having polyfunction^ groups have been described in patents and literature In the case of 
posrbve-working two component photoresist compositions, the phenolic groups of the polymer are partly or fully pro- 
tected bv acd-cleavable protective groups for example, t-butoxycarbonyl groups (USP 4.491.628). t-butoxycarbonyl- 
methyl groups (USP 5,403.695). t-butyl groups, trimethylsilyl groups, tetrahydropyranyl groups (USP 5 350 660) 2- 
(altoxyethyl) groups (USP 5.468.589 and USP 5.558.971. and USP 5.558.976). or combinations thereof A co-or ter- 
polymer of hydroxystyrene with (meth)acrylic acid, wherein the carboxylic acid is partly or fully protected by acid-cleav- 
S? e u 9 L° UPS ' SUCh 3S X *** 9rOUpS (USP 4 - 491 - 628 ' USP 5.482.816. and USP 5.492.793). amyl groups or 
tetrahydropyranyl groups, has also been regarded as useful for positive-working two component photoresist composi- 
tions. The addition of dissolution inhibitors, which have been protected in the same manner as described above to the 
positive-working photoresist composition is described in USP 5.512.41 7 and USP 5.599 949 
S?2L. CaSe ,° f ne ° afivM " oridn 0 Photoresists, a crosslinking agent, such as hexamethoxy methyimelamine 

is added to an alkali soluble phenolic resin (USP 5.376.504 and USP 5.389.491 ). The acid produced from the PAG upon 
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exposure induces a crosslinking reaction in the exposed areas. 

[0008] As is apparent from the foregoing description, PAG plays an important role in the imaging process for both 
positive-working and negative-working chemically amplified resists, because PAG governs light response properties 
such as absorption of light or quantum yield of acid formation, and, in addition, governs the properties of the produced 
acid, such as acid strength, mobility, or volatility. Useful PAGs for both positive-working and negative-working chemically 
amplified resists include ionic onium salts, particularly iodonium salts or sulfonium salts with strong non-nucleophilic 
anions (USP 4,058,400 and USP 4,933,377), for example, hexafluoroantimonate and trifluoromethane sulfonate (USP 
5,569,784) or aliphatic/aromatic sulfonates (USP 5,624,787). In addition, many non-ionic PAGs producing the above 
mentioned sulfonic acids have been described for both positive-working and negative-working chemically amplified 
photoresist materials (USP 5,286,867 and USP 5,338,641). Further, certain hydrogen halide producing PAGs have 
been suggested for advantageous use in negative-working chemically amplified resists (USP 5,599,949). 
[0009] USP 5,731 ,364 discloses that binulear sulfonium compounds having perfluoroaryl sulfonate and perfluoro- 
alkyl sulfonate are useful for the image formation of positive-working and negative-working photoresists. This patent, 
however, does not suggest specific superiority in use of sulfonium compounds of nonafluorobutane sulfonate as PAGs 
in combination with hydroxystyrene based resin having a protective group which an be eliminated with an acid. 
[001 0] Among these PAGs, those onium salts producing trifluoromethane sulfonic acids upon exposure are partic- 
ularly preferred, because superior sensitivity and good ultimate resolution of the photoresist system can be obtained. 
In addition, these PAGs are known to reduce the formation of insolubles on the substrate or at the substrate/resist inter- 
face known as scum. 

[001 1 ] It was found, however, that minor quantities of the rather volatile trifluoromethane sulfonic acid (TFSA) pro- 
duced during the irradiation process may evaporate (outgas) from the photoresist film and cause corrosion of the expo- 
sure and process equipment. The same trouble is observed when hydrogen halide producing PAGs are used. It may be 
anticipated that a long time exposure especially to the evaporating fumes of the volatile, aggressive TFSA may cause 
hazards to the health of the labor force. In addition, it is known that resist materials containing PAGs which produce 
TFSA tend to produce the so-called T-shaped pattern profiles, and show linewidth changes upon process delays (i.e. 
inadequate delay time stability) due to the high volatility and the diffusion properties of this acid. Attempts to identify an 
adequate replacement for TFSA, or its onium salt precursors, respectively, were so far not very successful, because 
deterioration of the resist performance, i.e. of resolution capability, or sensitivity occurred. 

[0012] An evaluation of a chemically amplified resist system using a large number of sulfonic acids producing 
onium salt precursors has revealed that most acids yielding good resolution are poor in sensitivity, while those com- 
pounds, which yield high sensitive resists do not perform very well in terms of resolution. More specifically, it was found 
that tow-molecular weight aliphatic and some aromatic sulfonic acids have high vapor pressures, thus causing the 
above mentioned corrosion of the equipment, forming T-topped photoresist profiles, and yielding significant linewidth 
changes upon process time delays, while larger molecular weight aliphatic and aromatic sulfonic acids do not provide 
the required sensitivity, or have inadequate resolution power. 



SUMMARY OF THE INVETNION 



[0013] The present inventors have made extensive and intensive studies on improved chemically amplified resist 
materials for production of semiconductors, particularly chemically amplified resist materials which are less likely to 
cause corrosion of equipment by outgassing and. at the same time, has good sensitivity and resolution. As a result, the 
present inventors have now found that a combination of a film forming hydroxystyrene based resin with an onium salt 
precursor capable of generating a fluorinated alkanesulfonic acid as a photoacid generator can provide an excellent 
chemically amplified radiation sensitive composition. The present invention has been made based on such finding. 
[001 4] Accordingly, it is an object of the present invention to provide a chemically amplified radiation sensitive com- 
position which is less likely to cause the corrosion of the equipment. T-topped photoresist prof iles, and significant linew- 
idth changes upon process time delays. 

[001 5] It is another object of the present invention to provide a chemically amplified radiation sensitive corrposition 
which can realize high sensitivity and resolution, good pattern shapes and stability thereof. 

[0016] It is still another object of the present invention to provide a chemicaqlly amplified radiation sensitive com- 
position containing a photoacid generator which, by virtue of the generation of a nonvolatile acid, can eliminate prob- 
lems associated with outgassing. 

[001 7] It is a further object of the present invention to provide a recording medium containing the chemically ampli- 
fied radiation sensitive composition according to the present invention and to provide a process for producing the 
recording medium. 

[0018] The chemically amplified radiation sensitive composition according to the present invention comprises at 
least 
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2! r»^T Sa " ?!f U,SOr 9enc,a,K a """^ alkanesulforfic acid as a photoacid generator 
(3) optionally a dissolution inhibitor having at least one acid cleavable CO-C or C-O-Si bonds. 

(3) optionally an acid-sensitive crosslinking agent. 
[0021] According to a third aspect of the present invention, there is provided a radiation sensitive recordino mpHi, , m 

[0022] According to a fourth aspect of the present invention, there is provided a process for oroducino a radiation 

coSn r C °: d : ng mediUm - C ° mpriSin9 *«* ° U dMn ^ *• "rnitfion of the pr^erS hSSln 
coating the solution onto a substrate to form a radiation sensitive layer; and removing the solvent by Xapora«on ' 

PREFE RRED FMRODIMENTS OF THF INVFNTinM 
Chemically amplified radiation sensitive r-nm pn^inn 

[0023] The chemically amplified radiation sensitive composition according to the present invention basicallv mm 

tarnanca of the cheaply amplified radiation sensitive composition comeinig " iSSXS taZ X™ 
reduction in volatile components (outgas) and the like. ^ siaDiiity, a 

SfSv Surp / isin9ly " the onium sa,t of a ""orinated alkanesulfonic acid as the photoacid generator when used in a 
can^n h * W °H 09 " hydroxystyrene based chemically amplified n^SS^iiSSSr 

ES^S!!^^ 6qUal t0 ^ " C3Se ° f «"«P«*H. tLoromethane iS^EXSS' 
InT i5,t . Photoacid generator according to the present invention provides substantially the same resoluttan 

K'iSS 2" ^ T ^ FUrthef ' SUrpriSin9 ' y ' beHer ^ular) pattern pro! Accuracy. aSTesC 
SS^tS^SK?" ^ °^!- V ^- ° Ue t0 the l0W Vap ° r pressure 01 the *~mm&Sc£ 
V SSftSSSS * £ C ° mP ° Und ' S , J™* ne9 ' i9ib,e 3t tyP,Ca ' P r °^s temperatures (up to abou 

1«) C). thus eliminating both the formafton of T-tops and the risk of equipment corrosion. In addrtton. linewidth chanoW 

f ' BS J he m0bHity 8nd * huB thS diffuSI '° n ran 9 e <" the comparatively (arge molecuL ^rtf^orSS 
tSS^t^ «■■*» sensfcve *™ are smaller thanttat of 

EuSlS^r^l^ 3 P °i ♦ . °" 1,16 d9nSe " neS 10 iSO ' ated " ne WaS: i e - *• linewidth dimensions of 
7^ Zl^^ !J a '7 OSt ^-u 3 ' 31 3 9iVen 8xp0Sure dose Therefore . «se of the onium salts of the 

wo?Wno ZT^ na \ advanta . 9eo " s ' y ^*«tes in several important ways to the overall performance of (a) positive- 
M to Z£ S 9 ? V6 T 9 hyd ;° xystyrene basal chemical| y ^plified radiation sensitive compositions as well 
as to the l.fe-t.me and maintenance of the equipment employed, and to the health of the work forces. 

(a) Photrariri gftnor^^r 

[0026] The photoacid generator used in the compositon of the present invention is an onium salt orecursor which 

S^r a T ten ?r aCid The ° nium 53,4 precursor is not particular 'y limitS^faTas^neSe 
a fluonnated alkanesulfonic acid. According to a preferred embodiment the present invention, the onium Z precursor 



15 



20 



25 



30 



35 



40 



45 



50 



55 



EP 1 033 624 A1 



is a sulfonium salt or an iodonium salt. 

[0027] The f luorinated alkanesulfonic acid also is not particularly limited. Preferably, the fluorinated alkanesulfonic 
acid is such that the alkanesulfonic acid has 3 to 4 carbon atoms. " 
[0028] Preferred onium salt precursors, which generate fluorinated alkanesulfonic adds, include sulfonium salts or 
iodonium salts of 3,3,3,3,1 ,1 -hexafluoropropanesulonate and nonafluorobutanesulonic add. 

[0029] According to a more preferred embodiment of the present invention, the onium salt precursor which gener- 
ates a fluorinated alkanesulfonic acid, is a sulfonium or iodonium salt of a fluorinated alkane sulfonate of formula (I): 

Y-ASO3- (I) 
wherein A represents CF 3 CHFCF 2 or CF 3 CF 2 CF 2 CF 2 ; and Y represents 

R 1 S + R 3 or R 4 1 + R 5 



wherein R 1 , R 2 , R 3 , R 4 , and R 5 each independently represent 
an alkyl group, 

a monocyclic or bicyclic alkyl group, 

a cyclic alkylcarbonyl group. 

a phenyl group. 

a naphthyl group, 

an anthryl group, 

a peryl group, 

a pyryl group. 

a thienyl group, 

an aralkyl group, or 

an arylcarbonylmethylene group, or 

any two of R 1 , R 2 , and R 3 or R 4 and R 5 together represent an alkylene or an oxyalkylene which forms a five- or six- 
membered ring together with the interposing sulfur or iodine, said ring being optionally condensed with aryl groups 
one or more hydrogen atoms of R 1 , R 2 , R 3 , R 4 . and R 5 being optionally substituted by one or more groups selected 
from the group consisting of a halogen atom, an alkyl group, a cyclic alkyl group, an alkoxy group, a cyclic alkoxy 
group, a dialkylamino group, a dicyclic dialkylamino group, a hydroxyl group, a cyano group, a nitro grcup, an aryl 
group, an aryloxy group, an aryfthio group, and groups of formulae (II) to (VI): 




00 
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25 
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40 



45 
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wherein R 6 and R 7 each independently represent a hydrogen atom, an alkyl group, which may be substituted 
by one or more halogen atoms, or a cyclic a!kyl group, which may be substituted by one or more halogen 
atoms, or R and R' together can represent an alkylene group to form a ring, 

R represents an alkyl group, a cyclic alkyl group, or an aralkyl group, or R 6 and R 8 together represent an 
alkylene group which forms a ring together with the interposing -C-O- group, the carbon atom in the ring beinq 
optionally substituted by an oxygen atom, y 
R 9 represents an alkyl group or a cydic alkyl group, one or two carbon atoms in the alkyl group or the cyclic 
alkyl group being optionally substituted by an oxygen atom, an aryl group, or an aralkyl group 



,10 

312 



- - • ' ' ✓ wi an aiamyi yiuup, 

and R each independently represent a hydrogen atom, an alkyl group, or a cyclic alkyl group, 
represents an alkyl group, a cyclic alkyl group, an aryl group, or an aralkyl group, and 



13 ^ * y ,wu H. a ciirsyi group, an aryi group, or an araiKyl group, and 

R represents an alkyl group, a cyclic alkyl group, an aryl group, an aralkyl group, the Group -Si(R 12 V>R 13 or 
the group -0-Si(R 12 ) 2 R 13 . 

[0030] The compound represented by formula (I) is advantageous in that it has good solubility in general solvents 
used in radiation sensitive compositions and, in addition, has good affinity for the components contained in the radiation 



6 
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sensitive composition. 

[0031 ] In formula (I), the alkyl group as a group or a part of a group may be of straight chain type or branched chain 
type. The halogen refers to a fluorine, chlorine, bromine, or iodine atom. The aralkyl refers to benzyl, phenylethyl 
(phenetyl), methylbenzyl, naphthylmethyl or the like. The aryl preferably refers to phenyl, naphthyl, tolyl or the like. 
[0032] According to a preferred embodiment of the present invention, a group of preferred compounds represented 
by formula (I) are those wherein 

R\ R 2 , R 3 , R 4 , and R 5 each independently represent 

a alkyl group (preferably a C A . 6 alkyl group, more preferably a C V3 alkyl group), 

a C 6 . 12 monocyclic or bicyclic alkyl group (preferably C 3 . 6 monocyclic alkyl group or a C 10 . l2 bicyclic alkyl group), 

a C 4 . 12 cyclic alkylcarbonyl group (preferably a C 3 . 6 monocyclic alkylcarbony! group), 

a phenyl group, 

a naphtyl group, 

an anthryl group, 

a peryl group, 

a pyryl group, 

a thienyl group, 

an aralkyl group, or 

an arylcarbonylmethylene group with up to 15 carbon atoms, or 

any two of R 1 , R 2 , and R 3 , or R 4 and R 5 together represent an alkylene or an oxyalkylene which forms a five- or 
six-membered ring together with the interposing sulfur or iodine atom, said ring being optionally condensed with 
aryl groups. 

[0033] According to a more preferred embodiment of the present invention, the compounds represented by formula 
(I) are those wherein 

one or more hydrogen atoms of R 1 , R 2 . R 3 . R 4 . and R 5 are substituted by at least one group selected from the 
group consisting of a halogen atom, a C^ s alkyl group, a C 3 . 6 cyclic alkyl group, a d. 6 alkoxy group, a cyclic 
alkoxy group, a di-C^ alkylamino group, a cyclic di-C 6 . 12 alkylamino group, a hydroxy! group, a cyano group, a 
nitro group, an aryl group, an aryloxy group, an arylthio group, and groups represented by formulae (II) to (VI). Fur- 
ther, compounds are preferably utilized wherein, in the groups represented by formulae (II) to (VI), 
R 6 and R 7 each independently represent a hydrogen atom, a C,. 6 alkyl group, which may be substituted by one or 
more halogen atoms, or a C 3 . 6 cyclic alkyl group, which may be substituted by one or more halogen atoms, or R 5 
and R 7 together represent an alkylene group to form a five-membered or six-membered ring, 
R 8 represents a d. 6 alkyl group, a C 3 . 6 cyclic alkyl group, or a C 7 . 12 aralkyl group, or R 6 and R 8 together represent 
an alkylene group which forms a five- or six-membered ring together with the interposing -C-O- group, the carbon 
atom in the ring being optionally substituted by an oxygen atom, 

R 9 represents aC^ alkyl group or a C 3 . 5 cyclic alky! group, one or two carbon atoms in the alkyl group or the cyclic 
alkyl group being optionally substituted by an oxygen atom, a C 6 . 12 aryl group, or a C 7 . 12 aralkyl group, 
R 10 and R 1 1 each independently represent a hydrogen atom, a C^ 6 alkyl group, or a C 3 . 6 cyclic alkyl group, 
R 12 represents a C^e alky! group, a C 3 . 6 cyclic alkyl group, a C 6 . 12 aryl group, or a C 7 . 12 aralkyl group, and' 
R 1 represents a C^. e alkyl group, a C 3 . 6 cyclic alkyl group, a C 6 . 12 aryl group, a C 7 . 12 aralkyl group, group - 
Si(R 12 ) 2 R 13 , or group 0-Si(R 12 ) 2 R 13 . M U P 

[0034] According to another preferred embodiment of the present invention, a group of compounds represented by 
formula (I) are utilized wherein 

R\ R 2 , R 3 , R 4 and R 5 each independently represent a C v3 alkyl group, a C 3 _ 6 monocyclic alkyl group. C 1CM2 bicy- 
clic alkyl group, a 03.5 cyclic alkylcarbonyl group, a phenyl group, or a naphthyl group, or any two of R 1 , R 2 and R 3 , 
or R 4 and R 5 together represent an alkylene group to form a five- or six-membered alkylene ring, 
one or more hydrogen atoms of R 1 , R 2 , R 3 , R 4 , and R 5 optionally substituted by at least one group selected from 
the group consisting of a hydrogen atom, a halogen atom, a alkyl group, a C 3 . s cyclic alkyl group, a C v6 alkoxy! 
group, a C 3 . 6 cyclic alkoxyl group, a hydroxyl group, an aryl group, an aryloxy group, an arylthio group, and groups 
of formulae (II) to (VI) wherein R 6 and R 7 each independently represent either a hydrogen atom or a methyl group, 
provided that R 6 and R 7 do not simultaneously represent hydrogen. R 8 represents either a d. 4 alkyl group or R 8 
and R 8 together represent an alkylene group which forms a ring together with the interposing -C-O- group, R 9 rep- 
resents a d.4 alkyl group, R 10 and R 11 represent a hydrogen atom, R 12 represents a methyl group, and Ft 13 rep- 
resents a methyl group. 
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[0035] According to the present invention, the most preferred compounds represented by formula (1 ) are tris-(4-t- 
frinato Th 3 ^ 2 ' 1 ■ 1 ■ hexa,luorabutane sulfon ^ and tris-(4-t-buty1 P henyl) S ulfonium nonaf.uorobutane sul- 

s^heslzed 86 COmP ° UndS ° an advan,a 9eously offer excellent lithographic performance and. in addition, can be easily 

[0036] Specific examples of preferred onium salts represented by formula (I) include, but are not limited to the fol- 
lowing compounds (.n th.s list sulfonium 3.3.3.2. 1.1-hexafluorobutane sulfonate is abbreviated as S-HFPS and iodo- 

^ k 1 SU !! 0nate iS abbrevia,ed as '- HFPS ) : tri P^nyl S-HFPS. 4-methylphenyl diphenyl S- 

MFPS tos^-methylphenyl) phenyl S-HFPS, tris-(4-methylphen y i) S-HFPS. 4-t-butylphenyl diphenyl S-HFPS bis W 
butylphenyl) phenyl S-HFPS. tris-(4-t-but y lphenyl) S-HFPS. 4-cyclohexylphenyl diphenyl S-HFPS bis-(4-cyclohexy - 
phenyl) phenyl S-HFPS, tris-(4-cyclohexylphen y l) S-HFPS, 4-chlorophenyl diphenyl S-HFPS, bis-(4-chlorophenyl) phe- 
nyl S-HFPS. tris-(4-chlorophenyl) S-HFPS. 4-N.N-dimethylaminophenyl diphenyl S-HFPS bis-?4-N N- 
dimethylaminophenyl) phenyl S-HFPS. tris-(4-N.N-dimethylaminophenyl) S-HFPS. 4-hydroxyphenyl diphenyl S-HFPS 
b.s-(4-hydroxyphenyl) phenyl S-HFPS. tris-(4-hydroxyphenyl) S-HFPS, 4-methoxyphenyl diphenyl S-HFPS bis-f4- 
methoxyphenyl) phenyl S-HFPS. tris-(4-methoxyphenyl) S-HFPS. 4-t-butyloxyphenyl diphenyl S-HFPS bis-(4-t-butv- 
oxyphenyl) phenyl S-HFPS. tris-(4-t-butyloxyphenyl) S-HFPS. 3.5-dimethyl-4-hydroxyphenyl diphenyl S-HFPS bis- 
(3 5-d.methyl-4-hydroxyphenyl) phenyl S-HFPS. tris-(3,5<limethyl-4-hydroxyphenyl) S-HFPS, 4-t-butyloxycarbonyloxv- 
phenyl diphenyl S-HFPS. bis-(4-t-butyloxy C arbonyloxy P henyl) phenyl S-HFPS. tris-(4-t-butyloxycarbonyloxyphenyl) S- 
HFPS. 4-t-butyloxycarbonylphenyl diphenyl S-HFPS. bis-(4-t-butyloxycarbonylphenyl) phenyl S-HFPS tris-(4-t-butv- 
loxycarbonylphenyl) S-HFPS. 4-t-butyloxycarbonylmethylenoxyphenyl diphenyl S-HFPS. bis-(4-t-butyloxycarbonylohe- 
nyl) phenyl S-HFPS. tris-(4-t-butyloxycarbonylphenyl) S-HFPS. 4-phenylthiophenyl diphenyl S-HFPS bis-(4- 
phenylthiophenyl diphenyl) phenyl S-HFPS. tris-(4-phenylthiophenyl diphenyl) S-HFPS. 2-naphthyl diphenyl S-HFPS 
o h ^oo n !. hrylium HFPS ' Ph6nyl thioanthr y |i " m HFPS. 9-anthryl diphenyl S-HFPS. 4 methylphenyl bis-(4-t-butylphenyl) 
S-HFPS. b.s-(4-methylphenyl) 4-t-butylphenyl S-HFPS, 4-t-butyloxyphenyl bis-(4-t-butylphenyl) S-HFPS bis-(4-t-butv- 
loxyphenyl) 4-t-butylphenyl S-HFPS. 4-cyclohexylphenyl bis-(4-t-butylphenyl) S-HFPS, bis-(4-cyclohexylphenyl) 4-t- 
butylphenyl S-HFPS. 4-chlorophenyl bis-(4-t-butylphenyl) S-HFPS. bis-(4-chlorophenyl) 4-t-butylphenyl S-HFPS 4- 
N.N-dimethylaminophenyl bis-(4-t-butylphenyl) S-HFPS. bis-(4-N.N-dimethylaminophenyl) 4-t-butylphenyl S-HFPS 4- 
hydroxyphenyl bis-(4-t-butylphenyl) S-HFPS. bis-(4-hydroxyphenyl) 4-t-butylphenyl S-HFPS. 4-methoxyphenyl bis-{4-t- 
I y o u e "^ S ' HFPS ' bis -(4-methoxyphenyl) 4-t-butylphenyl S-HFPS. 3.5-dimethyl-4-hydroxyphenyl bis-(4-t-butylphe- 
nyl) S-HFPS. b.s-(3.5-dimethyl-4-hydroxyphenyl) 4-t-butylphenyl S-HFPS. 4-t-butyloxycarbonyloxyphenyl bis-(4-t-butyl- 
phenyl) S-HFPS, b.s-(4-t-butyioxycarbonyl oxyphenyl) 4-t-butylphenyl S-HFPS, 4-t-butyloxycarbonyi phenyl bis-(4-t- 
butylphenyl) S-HFPS. bis-(4-t-butyloxycarbonylphenyl) 4-t-butylphenyl S-HFPS. 4-t-butyloxycarbonyl methylenoxyphe- 
nyl bis-(4-t-butylphenyl) S-HFPS. bis-(4-t-butyloxycarbonylmethylen oxyphenyl) 4-t-butylphenyl S-HFPS 4-phenylthi- 
ophenyl b.s-(4-t-butylphenyl) S-HFPS. bis-(4-phenylthiophenyl) 4-t-butylphenyl S-HFPS. 2-naphthyl bis-(4-t- 
butylphenyl) S-HFPS. 9-anthryl bis-(4-t-butylphenyl) S-HFPS, bis-(4-methylphenyl) 4-methoxyphenyl S-HFPS 4-t- 
butylphenyl bis-(4-methoxypheny1) S-HFPS. bis-(4-t-butylphenyl) 4-methoxyphenyl S-HFPS. 4-cydohexylphenyl bis-(4- 
o!!^ X . yPhenyl) S ' HFPS - bis-(4-cyclohexylphenyl) 4-methoxyphenyl S-HFPS. 4-chlorophenyl bis-(4-methoxyphenyl) 
S-HFPS. bis-(4-chlorophenyl) 4-methoxyphenyl S-HFPS, 4-N.N-dimethylaminophenyl bis-(4-methoxyphenyl) S-HFPS 
bis-(4-N.N-dimethylaminophenyl) 4-methoxyphenyl S-HFPS, 4-hydroxyphenyl bis-(4-methoxyphenyl) S-HFPS bis-(4- 
hydroxyphenyl) 4-methoxyphenyl S-HFPS, 4-t-butyloxyphenyl bis-(4-methoxyphenyl) S-HFPS. bis-(4-t-butyloxyphenyl) 

4- methoxyphenyl S-HFPS. 3.5-dimethyl-4-hydroxyphenyl bis-(4-methoxyphenyl) S-HFPS, bis-(3,5-dimethyf-4-hydroxy- 
phenyl) 4-methoxyphenyl S-HFPS, 4-t-butyloxycarbonyl oxyphenyl bis-(4-methoxyphenyl) S-HFPS bis-(4-t-butyloxy 
carbonyloxyphenyl) 4-methoxyphenyl S-HFPS. 4-t-butyloxycarbonylphenyl bis-(4-methoxyphenyl) S-HFPS bis-(4-t- 
butyloxycarbonylphenyl) 4-methoxyphenyl S-HFPS. 4-t-butyloxycarbonyl methylenoxyphenyl bis-(4-methoxyp'henyl) S- 
HFPS. bis-(4-t-butyloxycarbonylmethylen oxyphenyl) 4-methoxyphenyl S-HFPS. 4-phenylthiophenyl bis-(4-methoxy- 
phenyl) S-HFPS, bis-(4-phenylthiophenyl) 4-methoxyphenyl S-HFPS. 2-naphthyl bis-(4-methoxyphenyl) S-HFPS 9- 
anthryl b.s-(4-methoxyphenyl) S-HFPS, 4-cyclohexylphenyl bis-(4-t-butyloxyphenyl) S-HFPS, bis-(4-cyclohexylphenyl) 
4+butyloxyphenyl S-HFPS. 4-chlorophenyl bis-(4-t-butyloxyphenyl) S-HFPS. bis-(4-chlorophenyl) 4-t-butyloxyphenyl 

5- HFPS. 4-N.N-dimethylaminophenyl bis-(4-t-butyloxyphenyl) S-HFPS. bis-(4-N,N-dimethyl aminophenyl) 4-t-butyloxy- 
phenyl S-HFPS. 4-hydroxyphenyl bis-(4-t-butyloxyphenyl) S-HFPS. bis-(4-hydroxyphenyl) 4-t-butyloxyphenyl S-HFPS 
4-methoxyphenyl bis-(4-t-butyloxyphenyl) S-HFPS. bis-(4-methoxyphenyl) 4-t-butyloxyphenyl S-HFPS. 3,5-dimethyl-4- 
hydroxyphenyl bis-(4-t-butyloxyphenyl) S-HFPS. bis-(3.5-dimethyl-4-hydroxyphenyl) 4-t-butyloxyphenyl S-HFPS 4-t- 
butyloxycarbonyloxyphenyl bis-(4-t-butyloxyphenyl) S-HFPS. bis-(4-t-butyloxycarbonyloxyphenyi) 4-t-butyloxyphenyl S- 
HFPS. 4-t-butyloxycarbonyl phenyl bis-(4-t-butyloxyphenyl) S-HFPS, bis-(4-t-butyloxycarbonylpheny1) 4-t-butyloxyphe- 
nyl S-HFPS. 4-t-butyloxycarbonylmethylenoxyphenyl bis-(4-t-butyloxyphenyl) S-HFPS. bis-(4-t-butyloxycarbonylmeth- 
ylenoxyphenyl) 4-t-butyloxyphenyl S-HFPS. 4-pheny! thiophenyl bis-(4-t-butyloxyphenyl) S-HFPS bis-(4- 
phenylthiophenyl) 4-t-butyloxyphenyl S-HFPS. 2-naphthyl bis-(4«butyloxyphenyl) S-HFPS. 9-anthryl bis-(4-t-butyloxy- 
phenyl) S-HFPS. trimethyl S-HFPS, butyl dimethyl S-HFPS. dibutyl methyl S-HFPS. cyclohexyl methyl S-HFPS dicy- 
clohexyl methyl S-HFPS. p-oxocyclohexyl dimethyl S-HFPS, p-oxocyclohexyl cyclohexyl methyl S-HFPS p- 
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oxocyclohexyl 2-norbornyi methyl S-HFPS, phenyl dimethyl S-HFPS. diphenyi methyl S-HFPS, 4-methylphenyl dime- 
thyl S-HFPS. bis-(4-methylphenyl) methyl S-HFPS. 4-t-butylphenyl dimethyl S-HFPS, bis-(4-t-butylphenyl) methyl S- 
HFPS, 4-t-butyloxyphenyl dimethyl S-HFPS, bis-(4-t-butyloxyphenyl) methyl S-HFPS, 4-cyclohexylphenyl dimethyl S- 
HFPS, bis-(4-cyclohexylphenyl) methyl S-HFPS, 4-chlorophenyl dimethyl S-HFPS, bis-(4-chlorophenyl) methyl S- 
HFPS, 4-N.N-dimethylaminophenyl dimethyl S-HFPS, bis-(4-N,N-dimethyIcminophenyl) methyl S-HFPS, 4-hydroxy- 
phenyl dimethyl S-HFPS, bis-(4-hydroxyphenyl) methyl S-HFPS, 3.5-dimethyl-4-hydroxyphenyl dimethyl S-HFPS bis- 
(3,5^imethyl-4-hydroxypheny1) methyl S-HFPS, 3,5-dimethoxy-4-hydroxyphenyl dimethyl S-HFPS, bis-(3,5-dimethoxy- 

4- hydroxyphenyl) methyl S-HFPS, 4-methoxyphenyl dimethyl S-HFPS, bis-(4-methoxyphenyl) methyl S-HFPS 4-t- 
butyloxycarbonyloxyphenyl dimethyl S-HFPS, bis-(4-t-butyloxycarbonyloxyphenyl) methyl S-HFPS, 4-t-butyloxycarbo- 
nylphenyl dimethyl S-HFPS, bis-(4-t-butyloxycarbonylphenyl) methyl S-HFPS, 4-t-butyloxycarbonylmethylenoxyphenyl 
dimethyl S-HFPS. bis-(4-t-butyloxycarbonylmethylenoxyphenyl) methyl S-HFPS, 4-phenylthiophenyl dimethyl S-HFPS 
bis-(4-phenylthiophenyl) methyl S-HFPS, 2-naphthyl dimethyl S-HFPS, bis-(2-naphthyl) methyl S-HFPS, 4-hydroxy- 
naphthyl dimethyl S-HFPS, bis-(4-hydroxynaphthyl) methyl S-HFPS. 9-anthryl dimethyl S-HFPS, bis-(9-anthryl) methyl 

5- HFPS, 2-naphthyl dibutyl S-HFPS, phenyl tetramethylene S-HFPS, 4-methylphenyl tetram ethylene S-HFPS, 4-t- 
butylphenyl tetramethylene S-HFPS, 4-t-butyloxyphenyl tetramethylene S-HFPS, 4-cyclohexylphenyl tetramethylene S- 
HFPS, 4-chlorophenyl tetramethylene S-HFPS, 4-N.N-dimethyiaminophenyl tetramethylene S-HFPS, 4-hydroxyphenyl 
tetramethylene S-HFPS. 3, 5-di methyl -4-hydroxyphenyl tetramethylene S-HFPS, 3,5-dimethoxy-4-hydroxyphenyl 
tetramethylene S-HFPS, 4-methoxyphenyl tetramethylene S-HFPS, 4-t-butyloxycarbonyloxyphenyl tetramethylene S- 
HFPS, 4-t-butyloxycarbonylphenyl tetramethylene S-HFPS, 4-t-butyloxycarbonylmethylenoxyphenyl tetrazuethylene S- 
HFPS, 4-phenylthiophenyl tetramethylene S-HFPS, 2-naphthyl tetramethylene S-HFPS, 4-hydroxynaphthyl tetrameth- 
ylene S-HFPS, 9-anthryl tetramethylene S-HFPS. phenyl pentamethylene S-HFPS. 4-methy!phsnyl pentamethylene S- 
HFPS. 4-t-butylphenyl pentamethylene S-HFPS. 4-t-butyloxyphenyl pentamethylene S-HFPS. 4-cyclohexylphenyl pen- 
tamethylene S-HFPS, 4-chlorophenyl pentamethylene S-HFPS. 4-N,N-dimethylaminopheny! pentamethylene S-HFPS. 
4-hydroxyphenyl pentamethylene S-HFPS, 3.5-dimethyl-4-hydroxyphenyl pentamethylene S-HFPS, 3,5-dimethoxy-4- 
hydroxyphenyl pentamethylene S-HFPS, 4-methoxyphenyl pentamethylene S-HFPS. 4-t-butyloxycarbonyloxyphenyl 
pentamethylene S-HFPS, 4-t-butyloxycarbonylphenyl pentamethylene S-HFPS. 4-t-butyloxycarbonyl methylenoxyphe- 
nyl pentamethylene S-HFPS. 4-phenylthiophenyl pentamethylene S-HFPS. 2-naphthyl pentamethylene S-HFPS, 4- 
hydroxynaphthyl pentamethylene S-HFPS, 9-anthryl pentamethylene S-HFPS, phenylcarbonylmethylene dimethyl S- 
HFPS, phenylcarbonylmethylene tetramethylene S-HFPS, phenylcarbonylmethylene pentamethylene S-HFPS, 2- 
naphthylcarbonylmethylene dimethyl S-HFPS, 2- naphthylcarbonyl methylene tetramethylene S-HFPS, 2-napthylcarbo- 
nylmethylene pentamethylene S-HFPS, diphenyi l-HFPS, bis-(4-methylphenyl) l-HFPS, bis-(3,4<iimethylphenyl) I- 
HFPS, bis-(4-t-butylphenyl) l-HFPS, bis- (4-t-butyloxyphenyl) l-HFPS. bis-(4-cyclohexylphenyl) l-HFPS, bis-(4-trifluor- 
omethylphenyl) l-HFPS, bis-(4-chlorophenyl) l-HFPS, bis-(2,4Kjichlorophenyl) l-HFPS, bis-(4<Jtmethylaminophenyl) I- 
HFPS, bis-(4-hydroxyphenyi) l-HFPS, bis-(3,5-dimethyl-4-hydroxyphenyl) l-HFPS, bis-( 4-methoxyphenyl) l-HFPS, bis- 
(4-t-butyloxycarbonyloxyphenyl) l-HFPS, bis-(4-t-butyloxycarbonylphenyi) l-HFPS, bis-(4-t-buty1oxycarbonyl methylene 
oxyphenyl) l-HFPS, bis-(4-phenylthiophenyl) l-HFPS, bis-(3-methoxycarbonyIphenyf) l-HFPS, bis-(2-naphthyl) l-HFPS, 
dithienyl thienyl 1-HFPS, 4-methylphenyl phenyl l-HFPS, 3,4-dimethylphenyi phenyl l-HFPS, 4-t-butylphenyl phenyl I- 
HFPS, 4-t-butyloxyphenyl phenyl l-HFPS, 4-cyclohexylphenyl phenyl l-HFPS, 4-trifluoromethyphenyl phenyl l-HFPS, 
4-chlorophenyi phenyl l-HFPS, 2.4-dichlorophenyl phenyl l-HFPS, 4<Jimethylaminophenyl phenyl l-HFPS, 4-hydroxy- 
phenyl phenyl l-HFPS, 3,5-dimethyl^-hydroxyphenyl phenyl l-HFPS. 4-methoxyphenyl phenyl l-HFPS, 4-t-butyloxycar- 
bonyloxyphenyl phenyl l-HFPS, 4-t-butyloxycarbonylphenyl phenyl l-HFPS. 4-t-butyioxocarbonyl methyleneoxyphenyl 
phenyl l-HFPS, 4-phenylthiophenyl phenyl l-HFPS, 3-methoxycarbonylphenyl phenyl l-HFPS, 2-naphthyl phenyl I- 
HFPS, 9-anthryl phenyl l-HFPS, thienyl phenyl l-HFPS, and onium salts wherein S-HFPS of the above compounds 
have been replaced with sulfonium nonafluorobutane sulfonate, and onium salts wherein l-HFPS of the above com- 
pounds have been replaced with iodonium fluorobutane sulfonate. 

[0037] The onium salt precursor, which generates a f luorinated alkanesulfonic acid, may be synthesized by various 
processes. For example, the sulfonium salt may be synthesized by a process described in Y. Endo, K. Shudo, and T. 
Okamato, Chem. Pharm Bull.. 29, 3753 - 3755 (1981), and by the same process described in a synthesis example 
described in J.V. Crrvello and J.H.W. Lam, Macromolecules, 10, 1307 - 1315 (1977). 

[0038] The onium salt precursors, which generate fluorinated alkanesulfonic acids, may be contained alone or as a 
mixture of two or more in the composition according to the present invention. 

[0039] According to the composition of the present invention, the amount of the onium salt precursor added, which 
generates a fluorinated alkanesulfonic acid, may be properly determined in such an amount range as will provide the 
effect of the onium salt pecursor. In the case of the positive-working chemically amplified radiation sensitive composi- 
tion, the amount of the onium salt precursor added is preferably about 0.1 to 30 pals by weight, more preferably about 
0.5 to 15 parts by weight, based on 100 parts by weight of the film forming hydroxystyrene based resin present in the 
composition. On the other hand, in the case of the negative-working chemically amplified radiation sensitive composi- 
tion, the amount of the onium salt precursor added is preferably about 0.1 to 30 parts by weight, more preferably about 
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0.5 to 15 parts by weight, based on 100 parts by weight of the film forming hydroxystyrene based resin present in the 
composition. 

[0040] If required, the onium salts precursor of the present invention, which generate fluorinated alkanesulfonic 
acids, may be used in combination with other PAGs. Preferable PAGs are those which can maintain high transparency 
of the (a) positive-working or (b) negative-working chemically amplified radiation sensitive composition at the irradiation 
wavelength, particularly near 365 nm, 248 nm, or 193 nm. As a general feature, suitable additional PAGs should pro- 
duce acids, preferably sulfonic acids, which have a boiling point above 150° C. Examples of preferred PAGs include var- 
ious anionic sulfon.um salts or iodonium salts. Examples thereof include sulfonium or iodonium camphor sulfonates 
sulfon.um or iodonium 2,4^imethylbenzenesulfonates, sulfonium or iodonium toluenesulfonates, sulfonium or iodonium 
pentafluorobenzenesulfonates, 1 -anthrylsulfonates. or 9.10-dimethoxyanthrylsulfonates. Especially preferred are the 
sulfonium or iodonium 2-acrylamido-2-methyl-l -propanesulfonates. Other examples of preferred ionic PAGs include the 
respective diazomum salts, ammonium salts, phosphonium salts, selenonium salts, or arsonium salts Examples of pre- 
ferred nonionic PAGs include o-nitrobenzyl sulfonates, aryl sulfonates, bis-[(2,2,2-trifluoro-1-alkylsulfonyloxy)-l-tnfluor- 
omethylethyl]-benzenes, bis-[(2,2,2-trif luoro-1 -arylsulfonyloxy)-1 -trifluoromethy! ethyl] -benzenes a a -bis- 
(arylsulfonyljdiazomethanes, a , a -bis-(alkylsulfonyl)diazomethanes,a. a-bis-(arylsulfonyl)methanes, diarylsulfones a 
-arylcarbonyl- a -arylsulfonyldiazomethanes. a -arylcarbonyl- a -arylsulfonylmethanes. a -hydroxymethyl benzoin sul- 
fonates, oximesulfonates, iminosulfonates, and N-sulfonyloxy pyridones. Especially preferred is the combination of the 
on.um salts of the present invention with a, a -bis-(aryIsu!fonyl)diazomethanes or a . a -bis-(alkylsu!fonyl)diazometh- 
anes as non-ionic PAGs. 



(b) Film forming h ydroxystyrene based resin 

[0041] The composition according to the present invention comprises a film forming hydroxystyrene based resin 
The film forming hydroxystyrene based resin refers to a polymer of 4- hydroxystyrene, 3-hydroxystyrene or 2-hydroxys- 
tryene, or a co-, tar-, quater- or pentapolymer of the styrenes and other monomers. As described below different mod- 
ifications or properties are required of the film forming hydroxystyrene based resin depending upon whether the 
chemically amplified radiation sensitive composition is of positive-working type or negative- working type. 

(i) Where chemically amplified ra diation sensitive composition is of positive-working type 

[0042] When the chemically amplified radiation sensitive composition of the present invention is of positive-working 
type, the film forming hydroxystyrene based resin is made alkaJi insoluble by protecting alkali soluble groups on the 
resin with an acid cleavable protective group. According to a preferred embodiment of the present invention the hydrox- 
ystyrene based resin has multiple acid cleavable (preferably pendant) C-O-C or C-O-Si groups and is made alkali insol- 
uble by protecting alkali soluble groups on the resin by the acid cleavable protective groups. 

[0043] According to a preferred embodiment of the present invention, the hydroxystyrene based resin has a molec- 
ular weight in the range of 2,000 to about 100,000 with the polydispersity being in the range of 1.01 to 2 99 more pref- 
erably a molecular weight in the range of 2,000 to 20.000 with the polydispersity being not more than 2.20 ' 
[0044] According to a preferred embodiment of the present invention, the transmission per micrometer film thick- 
ness of the hydroxystyrene based resin is generally better than 50% at irradiation wave length. The solubility of the base 
resin, not protected by acid cleavable groups, in a standard aqueous alkaline developer solution (2 38% tetramethylam- 
monium hydroxide) at 21*C is preferably above 5,000 angstrom/min, more preferably above 10,000 angstrom/min On 
the other hand, the hydroxystyrene based resin protected by add cleavable groups has virtually no solubility. That is 
the solubility thereof in the same standard aqueous alkaline developer solution is preferably less than 800 anq- 
strom/min. more preferably less than 400 angstrom/min. 

[0045] According to the composition of the present invention, the base skeleton of the hydroxystyrene based resin 
is not particularly limited and may be properly determined by taking into consideration applications of the composition 
radiation wavelength for exposure, production conditions, chemical composition and the like. According to a preferred 
embodiment of the present invention, examples of hydroxystyrene based resins usable herein include: poly-(4-hydrox- 
ystyrene); poly-(3-hydroxystyrene); poly-(2-hydroxystyrene); and copolymers of 4-, 3-, or 2-hydroxystyrene with other 
monomers, particularly bipolymers and .terpolymers. Examples of other monomers usable herein include 4-, 3-, or 2- 
acetoxystyrene, 4-, 3-, or 2-alkoxystyrene, styrene, a -methylstyrene, 4-, 3-, or 2-alkylstyrene, 3-alkyl-4-hydrox^styrene 
3,5-diaIkyl-4-hydroxystyrene, 4-, 3-. or 2-chlorostyrene. 3-chloro-4-hydroxystyrene, 3,5-dichloro-4-hydroxystyrene 3- 
bromo-4-hydroxystyrene. 3,5-dibromo-4-hydroxystyrene, vinylbenzyl chloride, 2-vinylnaphthalene, vinylanthracene 
vinylanilline. vinylbenzoic acid, vinylbenzoic acid esters. N-vinylpyrrolidone, 1 -vinylimidazole, 4-. or 2-vinylpyridine 1- 
vinyl-2-pyrrolidinone, N-vinyl lactam, 9-vinylcarbazole7 vinyl benzoate. acrylic acid and Its derivatives, i.e. methyl acr- 
ylate and its derivatives, acrylamide and its derivatives, methacrylic acid and its derivatives, i.e. methyl methacrylate 
and its derivatives, methacrylamide and its derivatives, acrylonitrile. methacrylonitrile, 4-vinyl benzoic acid and its deriv- 
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atives, i.e 4-v.nyl benzoic acid esters. 4-vinylphenoxy acetic acid and its derivatives, i.e. 4-vinylphenoxy acetic acid 
esters, maleim.de and its derivatives, N-hydroxymaleimide and its derivatives, maleic anhydride, maleicffumaric acid 
and their derivatives, i.e. maleic/fumaric acid ester, vinyltrimethylsilane, vinyltrimethoxysilane, or vinylnorbornene and 
its derivatives. Another examples of preferred other monomers usable herein include isopropenylphenol propenylphe- 

5 nol, poly-(4-hydroxyphenyl) (meth)acrylate, poly-(3-hydroxyphenyl) (meth)acrylate. poly-(2-hydroxyphenyl) (meth)acr- 
ylate, N-(4-hydroxyphenyl) (meth)acrylamide, N-(3-hydroxyphenyl) (meth)acrylamide, N-(2-hydroxyphenyl) 
(meth)acrylamide, N-(4-hydroxybenzyl) (meth)acrylamide, N-(3-hydroxybenzyl) (meth)acrylamide, N-(2-hydroxyben- 
zyl) (meth)acryfamide, 3-(2-hydroxy-hexafluoropropyl-2)-styrene, and 4-(2-hydroxy-hexafluoropropyl-2)-styrene. 
[0O46] As described above, when the chemically amplified radiation sensitive composition is of positive-working 

io type, the hydroxystyrene based resin is made alkali insoluble by protecting alkali soluble groups on the resin with an 
acid cleavable protective group. The introduction of the protective group may be carried out by an proper method 
depending upon alkali soluble groups on the resin, and could be easily carried out by a person having ordinary skill in 
the art. 

[0047] For example, when the alkali soluble group on the resin is a phenolic hydroxyl group, the phenolic hydroxy! 

is groups present in the resin are partly or fully protected by an acid labile protective group, preferably by one or more pro- 
tective groups which form acid cleavable C-O-C or C-O-Si bonds. Examples of protective groups usable herein include 
acetal or ketal groups formed from alkyl or cycloalkyl vinyl ethers, silyl ethers formed from suitable trimethylsilyl or t- 
butyl(dimethyl)silyl precursors, alkyl ethers formed from methoxymethyl, methoxyethoxym ethyl, cyclopropylm ethyl 
cyclohexyl, t-butyl, amyl, 4-methoxybenzyl, o-nitrobenzyl, or 9-anthrylmethyl precursors, t-butyl carbonates formed from 

20 t-butoxycarbonyl precursors, and carboxylates formed from t-butyl acetate precursors. 

[0048] When the alkali soluble group on the resin is a carboxyl group, the carboxyl groups present on the resin are 
partly or fully protected by an acid labile protective group, preferably by one or more protective groups which form acid 
cleavable C-O-C or C-O-Si bonds. Examples of protective groups usable herein include alkyl or cycloalkyl vinyl ethers 
and esters formed from precursors containing methyl, methyloxymethyl, methoxyethoxyrnethyl, benzyloxymethyl, phen- 

25 acyl, N-phthalimidomethyl, methylthiom ethyl, t-butyl, amyl, cyclopentyl, 1 -methylcyclopentyl. cyclohexyl, 1-methylcy- 
clohexyl, 2-oxocyclohexyl, mevalonyl, diphenylmethyi. a-methylbenzyl, o-nitrobenzyl. p-methoxybenzyl. 2 6- 
dimethoxybenzyl, piperonyl. anthrylmethyl, triphenylmethyl, 2-methyladamantyl. tetrahydropyranyl, tetrahydrofuranyl 

2- a{kyl-1,3-oxazolinyl, dibenzosuberyl, trimethylsilyl, or t-butyldimethylsilyl group. 

[0049] According to the present invention, the above resins may be used alone or as a mixture of two or more. 
30 [0050] The hydroxystyrene based resin is especially useful for exposure with Mine (365 nm) or DUV (248 nm) radi- 
ation, e-beam, ion beam or x-rays. 

[0051] According to a preferred embodiment of the present invention, some of the PAGs (photoacid generators) 
described above are especially suitable for exposure with VDUV (1 93 nm) radiation, as they exhibit excellent absorption 
characteristics at this specific wavelength. 

35 [0052] Examples of hydroxystyrene based resins suitable for VDUV (193nm) applications include co- or terpoly- 
mers of (meth)acrylates with acid-cleavable protective groups and methyl (meth)acrylate, isobornyl (meth)acrylate, 
adamantyl (meth)acrylate, norbornyl (meth)acrylate, tricyclo[5.2.1.0. 26 ]decanyl (meth)acrylate, or menthyl (meth)acr- 
ylate, co- or terpolymers of maleic acid anhydride with norbornene, 5,6-dihydrodicyclopentadiene, or 1,5-cyclooctadi- 
ene derivatives as disclosed in EP 794.458A1 , or copolymers with polyalkylcyclic compounds, such as 8-methyl-8- 

<o carboxy tetracyclo[4.4.0.1. 2 5 .1. 7 10 ]dodecene, 8-rn ethyl -8-methoxycarbonyl tetracyclo[4.4.0.1. 2 - 5 .1. 7 10 ] dodecene, 5- 
methyl-5-methoxycarbonylbicyclo[2.2.1] hept-2-ene, or 8,9-dicarboxylic anhydride tetracyclo [4.4.0.1 2 5 .1. 7 - 10 ] dodec- 

3- ene as disclosed in EP 789.278A2 and WO 97/33, 1 98. 

[0053] According to a preferred embodiment of the present invention, when the positive-working radiation sensitive 
composition according to the present invention may contain a dissolution inhibitor/According to the present invention, 
the dissolution inhibitor per se is not an essential component of the composition which creates good lithographic per- 
formance. However, the dissolution inhibitor is often useful for improving specific properties of the positive-working radi- 
ation sensitive composition. 

[0054] Examples of preferred dissolution inhibitors usable herein include polymer, oligomer, or monomer com- 
pounds having at least one acid cleavable C-O-C or C-O-Si groups. According to the present invention, oligomers or 
low-molecular weight compounds having a molecular weight of not more than 3,500, particularly not more than 1 ,000. 
are preferred. More specific examples of dissolution inhibitors usable herein include monomer or oligomer compounds 
having 1 to 10 phenolic hydroxyl groups which are partly or fully protected by a protective group having acid cleavable 
C-O-C or C-O-Si bonds. Protective groups, which provide such bonds, include acetal or ketal formed from aliphatic or 
alicyclic vinyl ether, silyl ethers formed from suitable trimethylsilyl or t-butyl(dimethyl)silyl precursors, alkyl ethers formed 
from methoxymethyl, methoxyethoxyrnethyl. cyclopropylmethyl, cyclohexyl, t-butyl. amyl. 4-methoxybenzyl, o-nitroben- 
zyl, or 9-anthrylmethyl precursors, t-butyl carbonates formed from t-butoxycarbonyl precursors, and t-butyl or related 
phenoxyacetates formed from t-butyl or related acetate precursors. Further specific examples of dissolution inhibitors 
usable herein include monomer or oligomer compounds having 1 to 6 carboxyl groups which are partly or fully protected 
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by a protective group having an acid cleavable C-O-C or C-O-Si bonds. Protective groups, which provide such bonds 

mJthow So atiC ^TL 031 ^ 0 *"t 6therS ^ 6SterS formed ,r ° m P recUrSOrs m^^SrSS 1 
methoxyethoxymethyl, benzyloxymethyl. phenacyl. N-phthalimidomethyl. methylthiomethyl t-butyi amyl cycSentJ 
1-methy.cyc.opentyl. cyclohexyl. 1 -methylcyclohexyl. 2-oxocyclohexyl. mevalonyl. diphenylme U^^SSSK- 
rah h ho *yW 2.6-dimethylbenzyl. piperonyl, anthrylmethyl. triphenyim ethyl. 2-methyladamarJyi te° 

rahydropyranyl, tetrahydroturanyl. 2-alkyl-1 .3-oxazolinyl. dibenzosuberyl. trimethylsilyl. or t-butyldimethylsil y Tgrou P 
[0055] Further examples of preferred dissolution inhibitors include the following compounds: * 

1 . those having at least one orthocarboxylate or orthocarboxyamide-acetal groups, with the option to be polymeric 
TsTaToiSS); * ^ " ' inWn9 e ' ementS ^ " substtu ^s (DE 

n' c °?^T riC ° r polymeric compounds having recurring acetal or ketal groups in the main chain (DE 2.306.248 and 
D£ 2,71 8,254); 

3. compounds having at least one enol ether or N-acyliminocarbonate group (EP 0.006 626 and 0 006 627V 

4. cyclic acetals or ketals of b-ketoesters or -amides (EP 0,202. 1 96) ; ' ' 

5. compounds having silyl ether groups (DE 3,544.165 and DE 3,601,264); 

6. compounds having silyl enol ether groups (DE 3,730,785 and DE 3.730,783)- 

and 100 g/T(DE a-momy 1 * Wh ° Se a ' dehyde ° r k6t0 com P° nent nas a solubility in the developer between 0.1 
20 8. oligomer or polymer N.O-acetals (US 5,286.602); 

9. monomer or polymer acetals with t-butyloxycarbonyl groups (US 5.356,752 and US 5.354.643)- and 

10. monomer or polymer acetals with sulfonyloxy groups (US 5.346,804 and US 5.346,806). 

[0056] These dissolution inhibitors may be added alone or as a mixture of two or more to the composition, 
( ii) Where chemically amplified radiation ssnsitix/P c omnnsiti™ j§ of nenativp-workinn tvp g 

[0057] When the radiation sensitive composition of the present invention is of positive-working type the comoosi- 
» nnrn'T' 1863 f Ph ° t0aCid 9enerator - a ,i,m formina alkali soluble hydroxystyrene based resin, and. in addrtion 
so optionally an acid-sensrtive crosslinking agent. Specifically, when the resin is an acid-sensitive self-crosslinkable resin' 

the crosslinking agent is unnecessary. On the other hand, when the resin is not self-crosslinkable, the composition 

according to the present invention further comprises an acid-sensitive crosslinking agent 

[0058] According to a preferred embodiment of the present invention, in the negative-working radiation sensitive 
composition, the hydroxystyrene based resin has a molecular weight in the range of 2.000 to about 100 000 with the 
P^-spersity being in the range of 1 .01 to 2.80. more preferably a molecular weight in the range of 2 000 to 20 000 
with the polydispersity being not more than 2.20. 

[0059] According to a preferred embodiment of the present invention, the transmission per micrometer film thick- 
ness of the hydroxystyrene based resin is better than 50% for light at irradiation wavelength. The solubility of the resin 
in a water-soluble standard alkaline developer solution (2.38% tetramethylammonium hydroxide) at 21»C is preferably 
to above 1.000 angstrom/min. more preferably above 3.000 angstrom/min. 

[0060] According to the composition of the present invention, the base skeleton of the hydroxystyrene based resin 
is not particularly limited and may be properly determined by taking into consideration applications of the composition 
radiation wavelength for exposure, production conditions, chemical composition and the like. According to a preferred 
embodiment of the present invention, examples of hydroxystyrene based resins usable herein include- poly-(4-hvdrox- 
■s ystyrene); poly-(3-hydroxystyrene) ; poly-(2-hydroxystyrene); and copolymers of 4-, 3-. or 2 -hydroxystyrene with other 
monomers, particularly bipolymers and terpolymers. Examples of other monomers usable herein include 4- 3- or 2- 
acetoxystyrene 4-. 3-. or 2-alkoxystyrene, styrene. a -methylstyrene. 4-. 3-. or 2-alkylstyrene. S-alkyM-hydroxystyrene 
3,5-dialkyl-4-hydroxystyrene, 4-. 3-. or 2-chlorostyrene. 3-chloro-4-hydroxystyrene. 3.5-dichloro-4-hydroxy St yrene 3- 
bromo-4-hydroxystyrene. 3.5-dibromo-4-hydroxystyrene. vinylbenzyl chloride. 2-vinylnaphthalene. vinylanthracene 
o vinytanillme, v.nylbenzoic acid, vinylbenzoic acid esters, N-vinylpyrrolidone. 1 -vinylimidazole. 4-. or 2-vinylpyridine 1- 
v.nyl-2-pyrrol.dinone. N-vinyl lactam, 9-vinylcarbazole. vinylbenzoate. acrylic acid and its derivatives i e methyl acr- 
ylate and its denvatives. glycidyl acrylate. acrylamide and its derivatives, methacrylic acid and its derivatives i e methyl 
methacrylate and its derivatives, glycidyl methacrylate. capped 2-isocyanate ethyl methacrylate. methacryiamide and 
its derivatives, acrylonitrile. methacrylonitrile. 4-vinyt benzoic acid and its derivatives, i.e. 4-vinyl benzoic acid esters 4- 
5 vinylphenoxy acetic acid and its derivatives, i.e. 4-vinylphenoxy acetic acid esters, maleimide and its derivatives N- 
hydroxymaleimide and its derivatives, maleic anhydride, maleic acid and fumaric acid and their derivatives i e ma'leic 
acid esters and fumaric acid esters, vinyltrimethylsilane, vinyltrimethoxysilane, or vinyl-norbornene and its derivatives 
Another examples of preferred other monomers usable herein include isopropenylphenol. propenylphenol poly-(4- 
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hydroxyphenyO (meth)acrylate, poly- (3 -hydroxy phenyl) (meth)acrylate, poly-(2-hydroxyphenyl) (meth)acrylate. N-(4- 
hydroxyphenyl) (meth)acrylamide, N-(3-hydroxyphenyl) (meth)acrylamide, N-(2-hydroxyphenyl) (meth)acrylamide, N- 
(4-hydroxybenzyl) (meth)acryfamide, N-(3-hydroxybenzyl) (meth)acrylamide, N - (2 -hydroxyb en zy I) (meth)acrylam'ide 
3-(2-hydroxy-hexafluoropropyl-2)-styrene, and 4-(2-hydroxy-hexafluoropropyl-2)-styrene. 

[0061] According to the chemically amplified radiation sensitive composition of the present invention, the resin is 
either acid-sensitive self-crosslinkable or non-self-crosslinkable. In the former, at least one acid-sensitive functional 
group is present in the resin. This acid sensitive group crosslinks the film forming alkali soluble hydroxystyrene based 
resin molecule through an acid generated from the photoacid generator to render the resin alkali insoluble. On the other 
hand, the latter requires the presence of a crosslinking agent. This crosslinking agent crosslinks the film forming alkali 
soluble hydroxystyrene based resin through an acid generated from the photoacid generator to render the resin alkali 
insoluble. According to the present invention, the film forming hydroxystyrene based resin per se is not self-crosslinka- 
ble. However, at least one crosslinking portion of the crosslinking agent may be introduced into the resin to render the 
resin self-crosslinkable. 

[0062] According to a preferred embodiment of the present invention, examples of crosslinking agents usable 
herein include oligomers or monomers having at least two crosslinking portions. Various crosslinking agents of this type 
are known in the art, and the crosslinking agent may be properly selected by taking various conditions into considera- 
tion. Preferably, however, the crosslinking agent is selected based on radiation wavelength for exposure. For example, 
resols are not very useful crosslinkers for DUV irradiation due to their high inherent absorption at this wavelength, but 
they may be employed when conventional NUV illumination systems are used. 

[0063] Examples of preferred crosslinking agents usable herein include monomeric and oligomeric melamines/for- 
maldehyde and urea/formaldehyde condensates as described in EP-A 133,216, DE-A 36 34 371 and DE 37 11 264. 
More preferred crosslinking agents are urea/formaldehyde derivatives which contain two to four N-hydroxymethyi, N- 
alkoxymethyl, or N-acyloxymethyl groups. In particular, the N-alkoxymethyl derivatives are suitable for use in the nega- 
tive-working chemically amplified radiation sensitive composition of the present invention. Urea derivatives with four N- 
alkoxymethyl groups are especially preferred because they provide better shelf life stability of the chemically amplified 
negative-wroking radiation sensitive composition than derivatives with a smaller number of alkoxymethyl groups. The 
nature of the alkyl group in these derivatives is not particularly critical in this connection, however, methoxymethyl 
groups are preferred. The urea/formaldehyde compound may contain in addition to the methoxymethyl groups 
ethoxymethyl, propoxym ethyl, or butoxymethyl groups or mixtures thereof. Also preferred are urea/formaldehyde deriv- 
atives which contain two to six N-hydroxy methyl, N-alkoxym ethyl, or N-acyloxymethy! groups. 

[0064] Melamine derivatives which contain on average at least three, in particular at least 3.5 alkoxymethyl groups 
are preferred because they provide better shelf life stability of the negative-working chemically amplified radiation sen- 
sitive composition than derivatives with a smaller number of hydroxymethyl groups. The nature of the alkyl group in 
these derivatives is not particularly critical in this connection, however, methoxymethyl groups are preferred. The mela- 
mine/formaldehyde compound may contain, in addition to the methoxymethyl groups, ethoxymethyl, propoxymethyl, or 
butoxymethyl groups or mixtures thereof. Mixtures of urea/formaldehyde compound and melamine/formaJdehyde com- 
pound are particularly preferred. Before their use as crosslinking agents in negative-working chemically amplified radi- 
ation sensitive compositions, the above condensation products should be purified by recrystallization or distillation and 
any water present should be removed because traces of water have a negative impact on the shelf life stability of the 
negative-working chemically amplified radiation sensitive composition. Various melamine and urea resins are commer- 
cially available. Here reference is made to the products Cymel® (Mitsui Cytec), Nicalacs® (Sanwa Chemical Co ) Plas- 
topal® (BASF AG), or Maprenal® (Clariant GmbH). 

[0065] Other suitable crosslinking agents are the resols disclosed in GB 2,082,339. Commercially available prod- 
ucts include Bakelite® R, or Kelrez®. Also useful are the crosslinking agents disclosed in EP 212 482, such as aromatic 
hydrocarbons containing two or three alkoxymethyl, hydroxymethyl or acyloxymethyl groups. 

[0066] Other crosslinking materials include di- or Afunctional carbonyl aldehydes and ketones, acetals. enolethers, 
vinylethers, vinylesters, acrylates, methacrylates, epoxides, or divinylstyrene. 

[0067] When the crosslinking agents is introduced into the resin to render the resin self-crosslinkable, examples of 
crosslinking agents usable for this purpose include copolymers with (meth)acrylmethoxymethylamide, (meth)acrylvinyl- 
, -alkenyl-, -allyl-, or alkynyl, esters, glycidyl (meth)acrylate or reaction products of 2-isocyanatoethy! methacrylate with 
unsaturated alcohols or amines. 

(c) Other additives 

[0068] Both the positive-working chemically amplified radiation sensitive composition and the negative-working 
chemical amplified radiation sensitive composition according to the present invention may further contain other per- 
formance improving additives such as dyes to adjust the material absorption, plasticizers to reduce the brittleness of 
the material film and to optimize the adhesion on the substrate, surfactants to improve the material film uniformity, sen- 



13 



EP 1 033 624 A1 



•*,c ^ m^xs^js^Tzrjzss?* upon a ha * ate ' and i - - 

none drives. Such as 2.3.4 be^Sf^^?^^^^ 10 bs " 20 l she - 
« or|ano^xane surfactams. su » as KP34, (avaHab,, Iron, ShinE^ Tcn£, J" ^ST" *** °— °° ' 

25 0077] Of special interest as latent image stabilizers are sulfonium derivatives such a«; trinhonui if i* • > , 

txtfsss^TF* or triphenyi suifonium ,actate Acidic ^^iS^MS* rrssKs? 

Sax (polysal.cyhc acd denvafves available from Mitsui Chemical K.K.). 4<,imethylamino benzoic aci^aSS 
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formulaO) 30 WS ' 9ht ° f ^ SU,f ° r "' Um ° r i0d ° nium S3lt ° f 3 ,lu0rinated ^sulfonic acid represented by 

SaSS" ^ Wei9h1 ° f fi ' m formin9 hydr0XyStyrene based resin h *™9 ™«iP'e acid cleavab.e C-O-C or C- 

2) 2 oVto s 3 ?L b r h 6 0, , t T e < d |f solut,on inhibitor havi "9 ^ least one acid cleavable C-O-C or C-O-Si bond- and 
(4) 0.01 to 5.0 parts by weight of the performnace improving additive. 

[0080] Further, the negative-working chemically amplified radiation sensitive composition comprises 

tormu!a(l) 30 ^ " *" °' ''^^ "* ° f 3 ,,UOrinated ^sulfonic acid represented by 

(2) 100 parts by weight of the hydroxy sty rene based resin. 

(3) 3 to 70 parts by weight of the acid-sensitive crosslinking agent, and 

(4) 0.01 to 5.0 parts by weight of the performance improving additive. 

Use of the compositinn nf the prr- em invention/radiation sensitive recording medium and DfQc;flSg tharonf 

S5 [0082] Thus, according to one aspect of the present invention, there is provided a radiation sensitive «.rnrHi„„ 
med.um comprising: a substrate; and a radiation sensitive layer provided on the sSSate Th! ?^*^2J? ? 9 
comprising the composition according to the present invention. ' adiat '° n S6nS,t ' Ve layer 

[0083] The composition according to the present invention may be coated, either as such or after dissolution in var- 
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ious solvents, onto the substrate. Examples of preferred solvents include ethylene glycol and propylene glycol and the 
monoalkyl and dialkyl ethers derived therefrom, especially the monomethyl and dimethyl ethers and the monoethyl and 
diethyl ethers, esters derived from aliphatic (d - C 6 ) carboxylic acids and either (C, - C 8 )-alkanols or (d - C 8 )-alkan- 
diols or (Ct - C s )-a\koxy-(C, - C 8 )-alkanols, such as ethyl acetate, hydroxyethy! acetate, alkoxyethyl acetate, n-butyl 
acetate, amyl acetate, propylene glycol monoalkyl ether acetate, especially propylene glycol monomethyl ether acetate 
propylene glycol monomethyl ether, ethyl lactate, ethyl pyruvate, ethers such as tetrahydrofuran and dioxane, ketones 
such as methyl ethyl ketone, methyl isobutyl ketone, methyl amyl ketone, cyclopentanone, and cyclohexanone, N,N- 
dialkylcarboxyamides such as N,N-dimethylformamide and N,N-dimethylacetamide, and also 1-methyl-pyrrolidin-2-one 
and butyrolactone as well as any desired mixture thereof. Among them, the glycol ethers, aliphatic esters and ketones 
are preferred. 

[0084] Ultimately, the selection of the solvent or solvent mixture depends on the coating process used, on the 
desired layer thickness and on the drying conditions. The solid content of the solution is preferably about 5 - 60% solids 
particularly about 1 0 -50% solids. 

[0085] The composition according to the present invention may be coated onto the substrate by any method without 
particular limitation, and the coating method may be properly selected by taking into consideration purposes and the 

like. 

[0086] According to a preferred embodiment of the present invention, the chemically amplified radiation sensitive 
composition of the present invention is used as a photoresist material on a semiconductor substrate. Examples of sub- 
strates referred to herein include all those materials for production of capacitors, semiconductors, multi-layer printed cir- 
cuits or integrated circuits. Specific mention should be made of silicon substrates, silicon oxide, silicon oxynitride, 
titanium nitride, tungsten nitride, tungsten silicide, aluminum, phosphor-spin-on glass, boron-phosphor-spin-on-glass,' 
gallium arsenide, indium phosphide, and the like. In addition, these substrates may be coated with thin films of organic 
antireflective coatings consisting of organic polymers and a dye absorbing at the exposure wavelength. Furthermore, 
suitable substrates are those known from the production of liquid-crystal displays, such as glass or indium tin oxide, and 
also metal plates and sheets, as well as bimetallic or trimetallic sheets or electrically non-conducting which are coated 
with metals or paper. These substrates may be thermally pretreated, superficially roughened, incipierrtly etched or pre- 
treated with chemicals to improve desired properties, such as increase of the hydrophilic nature, or to improve adhesion 
between the photoresist and the substrate. Preferably used adhesion promoters for silicon or silicon oxide substrates 
are adhesion promoters of the aminosilane type, such as hexamethyldisilazane. or 3-aminopropyltriethoxysilane. 
[0087] The chemically amplified radiation sensitive composition according to the present invention may also be 
used as radiation sensitive coatings for the production of photochemical recording layers, such as printing plates for let- 
terpress printing, including lithographic printing, screen printing and flexographic printing. Especially useful is their 
application as radiation sensitive coatings on aluminum plates, which have been surface grained, anodically oxidized 
and/or silicatized, and zinc or steel plates, which have optionally been chromium plated, and paper or plastic sheets. 
[0088] Further, the chemically amplified radiation sensitive composition according to the present invention may be 
used in the manufacture of three dimensional microdevices, such as micro actuators, micro gears, and the like using 
fabrication techniques known to those skilled in the art, such as the LIGA process. 

[0089] The (a) positive-working or (b) negative-working chemically amplified radiation sensitive compositions 
according to the present invention is coated onto a substrate followed by drying to form a layer having a thickness of 
about 0.1 to 100 jim, preferably about 0.3 to 10 jim, depending upon applications. 

[0090] Thereafter, the coated substrate is exposed to actinic radiation. Suitable radiation sources are conventional 
broadband radiation sources, such as metal halide lamps, carbon arc lamps, xenon lamps and mercury vapor lamps, 
which may be filtered to yield narrow band emission, or excimer lasers, such as KrF excimer lasers, or ArF lasers, but 
also electron beams, ion beams, or x-rays. Particularly preferred are KrF excimer lasers, or ArF lasers emitting at 248 
nm and 1 93 nm, respectively, and electron beams as well as x-rays. 

[0091 ] Further, according to another aspect of the present invention, there is provided a process for producing a 
recording medium, comprising the steps of: dissolving the composition of the present invention in a solvent; coating the 
solution onto a substrate to form a radiation sensitive layer; and removing the solvent by evaporation. 
[0092] According to this aspect of the present invention, the chemically amplified radiation sensitive composition 
may be coated onto the substrate by spray coating, flow coating, roller coating, spin coating, dip coating or the like. 
Thereafter, the solvent is removed by evaporation to leave the radiation sensitive layer as a film on the substrate. The 
removal of the solvent can be achieved by heating the film to about 1 50°C. Alternatively, a method my be used which 
comprises coating the radiation sensitive composition onto an intermediate substrate material by the above method and 
then transferring the coating onto a contemplated substrate by pressure, heat or a combination of pressure with heat. 
All materials suitable as substrate materials may be used as materials for the intermediate substrate. Thereafter, the 
layer thus formed is exposed image by image. After the exposure, the layer is heated at 60 to 150°C for 30 to 300 sec 
in order to sensitize the latent image. 

[0093] The layer is then treated with a developer. In the development in the case of the positive-working radiation 
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sensitive composition, the exposed regions are dissolved and removed, while in the case of the neoative wnrki™ 
ation sensitive composition, the unexposed regions are dissolved and removed negative-working rad,- 

™«n- SU,1able d , evelopers are ac ' ueous solutions w hich contain hydroxides, particularly hydroxides of tetraalkvl 
ammonium ions, such as tetramethyl ammonium hydroxide. Other developers include the «JL2?Sh2IiI ♦ 
aliphatic amines, or N-containing heterocyc.es, or silicates, m«JE£^^ 

phates. carbonates or hydrogen carbonates of alkali metals, alkaline earth and/or a^mmio^Bn^l^^ 

k ITS " 4 - 72 9.941 . or EP-A 23.758. EP-A 62.733 and EP-A 97. 282. and these develooers mav ate 

* th6Se SUbStanC6S in *• deVe '°P er S0,uti0n is in ibout 0-1 to 15% b^wShTpSrSv 

eXusi°st^ 

EXAMPLES 

Sited JX^SST 1 bS d6SCribed in m ° re detai ' With fe,erenCe t0 the foll0wi ^ » - 

Synthesis Example 101: 

Preparation of diphenyl 4-t-butylphenyl 3.3.3.2.1 .1-hexafluoropropane sulfonate (PAG 101) 

^. 0,umn * avin9 a len ^ of 55 cm and af1 '"Her diameter of 5 cm was packed with 700 g of Amberlyst A-26 1 
(tradename) dispersed in methanol in its chloride form. 3.000 ml of methanol was added to 3.000 ml o a sT% aqueous 

S -If'T W3S thS " WaShed Wi,h methan o' "mi' the solution withdrawn from the column became neutral 
[0099] 39J33 g (0.1 mol) of diphenyl 4-t-butylphenyl bromide wasdissolved in about 50 ml of methanoTme sdutfon 
was passed through the column by elution with methanol at a rate of 30 ml/hour ° ™ e SOlut,0n 

M 0 Jnn 0 in , e ' Ua ! e Wa ? monitored usin 9 a Potentiometer and occasionally tested for the absence of bromide ions 
" S^^JT 9 ?°'? h ° n rf ,he c °ncentration of the hydroxy, group was determined by! Son S 

s^^ssr^ hydroxide was "** ioo% - 7716 — " was <° 10 «—* 

, , I* rri " 9 ' 10 500 9 {5 ° mmol) of 106 diphenyl 4 -t-buty.phenyl hydroxide was added dropwise 10 45 a f50 
mmol) of freshly 3^3.3.2.1.1-hexafluoropropane sulfonic acid diluted wrth 50 ml of methano. at room tempe ature iSe 
mixture was stoned at room temperature for 24 hours. The solvent was removed by evaporation Iemperature - ^ 

S.,,h^ *- ^ ^ - to *» — d ^ ^Phenyl 

[0103] The purity was measured by HPLC and found to be > 99%. 

1 H-NMR (CDCI 3 ): 1.44 (s. 9H,4-t-butyl). 5.23 - 5.41 (d[m]. 1H. CHF). 7.62 - 7.78 ppm (m. 14H. aromatic). 
Synthesis Example 102: 

Preparation of triphenyl su.fonium 3.3.3.2.1. 1-hexafluoropropane sulfonate (PAG 102) 

HOH «. V 03 9 ( i 45 . mol) °' diphenyl su,foxide was in 1 300 ml of benzene in a 2-liter three-neck round- 

bottom flask equipped with a stirrer, a thermometer, a dropping funnel, a condenser, and a nitrogen inlet The mixture 
was cooled to 40C with vigorous stoning. A solution of 189.0 g of (0.90 mol) trifluoroacetic anhydride and 104 4 g T Z 
mol of 1 .1 .1 .2 3.3-hexafluoropropane sulfonic add was added dropwise thereto, while the temperature was maintained 
under ice cooling. After completion of the addition, the mixture was stirred for 1 hour maintaineo 
[0105] The temperature was returned room temperature, followed by stining for additional 15 hours. After standing 
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overnight, two separate phases were formed. The upper phase was removed and discarded. The oily bottom phase of 
approximately 500 ml volume was dropped into 2000 ml of diethyl ether, upon which a semi-crystalline deposit was 
formed. The ether was decanted, and the precipitate was dissolved in a minimum amount of dichloromethane The 
solution was added dropwise to 1 000 ml of vigorously stirred diethyl ether to reprecipitate the product. 
[ ?!! 06 L Aftef com P letion of the addition, stirring was continued for 2 hours. After the solid was separated from diethyl 
ether, this procedure was repeated once more to enhance the crystallinity of the product. The mixture was filtered and 

waV?04 o5?C WSre CO " eCted yie ' ding 165 0 9 ° f crude su,fonium ^ meltin 9 P°i"t of the crude sulfonium salt 
[01 07] Depending on the purity, the crystals can be either recrystallized from ethyl acetate or dissolved in the min- 
imum amount of dichloromethane and purified by column chromatography on silica gel using a 95 ■ 5 dichloromethane- 
methanol mixture to perform purification. The first fractions containing unreacted diphenyl sulfoxide were discarded 
After collection of the main fractions, the solvent was evaporated to leave 135.5 g (yield 60.9%) of triphenyl sulfonium 
3.3,3.2. 1 . 1 -hexaf luoropropane sulfonate as white crystals (m.p. 111 - 1 1 2'C). 

1 H-NMR (CDCI 3 ): 8 = 5.24 - 5.41 (d[m], 1H), 7.63 - 7.74 (m, 15H) ppm. 

[01 08] The purity was determined by HPLC analysis and found to be > 97%. 

Synthesis Example 103: 

Preparation of tris-(4-t-butylphenyl) sulfonium 3.3.3.2, 1 .1 -hexaf luoropropane sulfonate (PAG 1 C3): 

[0109] 48.18 g (0.15 mol) of bis-(4-t-butylphenyl) sulfoxide (prepared from diphenyl sulfide and t-butyl bromide via 
FeCI 3 catalyzed alkylation and subsequent oxidation with 2-chlorobenzoic acid) was dissolved in 400 ml of 4-t-butylben- 
zene in a 1 -liter three-neck round-bottom flask equipped with a stirrer, a thermometer, a dropping funnel a condenser 
and a nitrogen inlet. ' 
[01 1 0] The mixture was cooled to 4°C with vigorous stirring. A solution of 63. Og (0.30 mol) of trif luoroacetic anhy- 
dride and 34.8g (0.15 mol) of 1 ,1.1.2.3.3-hexafluoropropane sulfonic acid was added dropwise thereto while the tem- 
perature was maintained under ice cooling. After completion of the addition, the mixture was stirred for 1 hour The 
temperature was returned to room temperature, followed by stirring for additional 15 hours. After standing overnight 
two separate phases were formed. The upper phase was removed and discarded. The oily bottom phase of approxi- 
mately 1 50 ml volume was diluted with 800 ml of diethyl ether, and washed twice with water and a sodium bicarbonate 
solution. The organic phase was dried over MgS0 4 . After removal of the solvent, a semicrystaliine solid was obtained 
The semicrystalline solid was recrystallized from diethyl ether. 

[01 1 1 ] Thus, white crystals of tris-(4-t-butylphenyl) sulfonium 3.3.3,2.1 , 1 -hexafluoropropane sulfonate (42%) (m o 
238 - 240°C) was obtained. v K ' 

1 H-NMR (CDCI3): 8 = 1.34 (s. 27H), 5.32 - 5.53 (d[mj, 1H). 7.62 - 7.65 (d. 6H). 7.68 - 7.71 (d. 6H) ppm. 
[01 1 2] The purity was determined by HPLC analysis and found to be > 97%. 
Synthesis Examples 104 to 108: 

[0113] The following sulfonium salts were prepared in substantially the same manner as in the above synthesis 
examples (PAGs 104 - 108). 

Tris-(4-methylphenyl) sulfonium 3,3.3,2.1, 1 -hexafluoropropane sulfonate (PAG 104): 

1 H-NMR (CDCI 3 ): S = 2.42 (s. 9H). 5.24 - 5.41 (dim], 1H), 7.43 - 7.45 (d. 6H). 7.51 - 7.53(d, 6H) ppm. 

The purity was determined by HPLC analysis and found to be > 97%. 
4-Methylphenyl-diphenyl sulfonium 3.3.3,2.1.1 -hexafluoropropane sulfonate (PAG 105): 

1 H-NMR (CDCI3): 8 = 2.45 (s. 3H). 5.24 - 5.40 (d[m]. 1H). 7.44 - 7.46 (d. 2H). 7.51 - 7.53 (d. 2H). 7.63 - 7 76 
(m, 1 0H) ppm. 
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The purity was determined by HPLC analysis and found to be > 97%. 
Bis-(4-methyiphenyl)phenyl sulfonium 3,3.3,2.1 .1-hexafluoropropane sulfonate (PAG 106) 

1 H-NMR (CDCI 3 ): 8 = 2.43 (s, 6H), 5.23 - 5.40 (d[m], 1H), 7.44 - 7.46 (d, 4H), 7.52 - 7.54 (d 4H) 7 65 - 7 
(m, 5H) ppm. ' 



The purity was determined by HPLC analysis and found to be > 97%. 
Bis-(4-t-butylphenyl)phenyl sulfonium 3,3,3,2,1, 1-hexafluoropropane sulfonate (PAG 107) 

1 H-NMR (CDCI3): 6 = 1.34 (s, 18H), 5.32 - 5.54 (d[mj, 1H), 7.63 - 7.79 (m, 13H) ppm. 

4-Cyclohexylphenyl-diphenyl sulfonium 3,3,3,2,1, 1-hexafluoropropane sulfonate (PAG 108) 

1 H-NMR (CDCI3): 5 = 1.12 - 1.74 (m, 10H), 2.41 - 2.43 (m, 1H), 5.28 - 5.50 (d[m], 1H), 7.24 - 7 27 (d 4H) 7 63 
- 7.79 (m ,9H) ppm. ' 

Synthesis Example 109: 

Preparation of tris-(4-butoxyphenyl) sulfonium 3,3,3,2,1.1 -hexafluoropropane sulfonate (PAG 109) 

[0114] To a stirred solution of 60.0 g (0.164 mol) of bis-(4-t-butoxyphenyl) sulfoxide in 26.8 g (0.34 mol) of pyridine 
and 400 ml of tetrahydrofuran was dropped 75.6 g (0.34 mol) of trimethyisilyl 3, 3. 3,2 J, 1-hexafluoropropane sulfonate 
while keeping the temperature below -5°C with a salted ice bath. After completion of the addition, the reaction temper- 
ature was raised to 5'C. followed by stirring for 20 minutes. A Grignard solution was prepared from 8 4 g (0 34 mol) of 
magnesium, 100 g of tetrahydrofuran and 68.6 g (0.38mol) of 4-t-butoxy chlorobenzene. and added dropwise to the 
above solution at 0°C. The mixture was stirred for 2 hours at this temperature. Then water was added to decompose 
the excess Grignard reagent, and the inorganic salts were removed by filtration. The solution was concentrated to about 
1 60 ml and extracted with a mixture of 1 200 ml of dichloromethane, 600 g of a saturated aqueous solution of ammonium 
chloride and 600 ml water. The organic phase was washed twice with water and dried. The solvent was removed to 
yield an oily product which was then purified by column chromatography on silica gel using dichloromethane as the elu- 
ant. Thus, tris-(4-butoxypheny|) sulfonium 3,3,3,2, 1 , 1 -hexafluoropropane sulfonate was obtained as a slightly yellowish 
powder (m.p. 107°C). 

[01 1 5] The structure was confined by 1 H-NMR (CDCI 3 ) with 5 = 1 .42 (s, 27H), 5. 1 4 - 5.52 (d[ml 1 H) 7 1 7 - 7 20 (d 
6H) and 7.55 - 7.60 ppm (d, 6H). ' v 

Synthesis Example 110: 

Preparation of tris-(4-t-butoxycarbonylmethoxyphenyl) sulfonium 3.3,3,2,1, 1-hexafluoropropane sulfonate (PAG 1 10) 

[0116] A solution of 56.8 g (O.OSmol) of tris-(4-butoxyphenyl) sulfonium 3, 3, 3, 2, 1,1 -hexafluoropropane sulfonate 
and 1 .86 g (0.008 mol) of 3,3,3.2.1 , 1 -hexafluoropropane sulfonic acid in 200 ml of ethanoi was ref luxed for 8 hours with 
stirring. After evaporation of the solvent, the obtained crude product of tris-(4-hydroxyphenyl) sulfonium 3 3 3 2 1 1-hex- 
afluoropropane sulfonate (yield about 100%) was dissolved in 160 g of N.N-dimethylformamide and reacted with 55 4 
g (0.40 mol) of anhydrous potassium carbonate and 60.3 g (0.40 mol) of t-butyl chloroacetate at 80°C for 3 hours. The 
cooled reaction mixture was poured into 700 ml of water and extracted with dichloromethane. The organic phase was 
washed with water and dried. The solvent was removed. The oily residue was purified by column chromatography on 
silica gel using a dichloromethane and methanol as the eluent. The white product was collected to yield 31.8 g (yield 
45 %) of analytically pure tris-(4-t-butoxycarbonylmethoxyphenyl) sulfonium 3, 3, 3, 2 ,1,1 -hexafluoropropane sulfonate 
The melting point of the product was 78°C. The 1 H-NMR spectrum gave the following signals 

(CDCI3): 8 = 1.45 (s. 27H). 4.56 (s. 6H), 5.20 -5.56 (d[m], 1H), 7.10 - 7.13 (d, 6H), 7.55 - 7.60 (d, 6H). 
Synthesis Example 111: 

Preparation of p-oxocyclohexyl 2-norbornyI methyl sulfonium 3,3,3,2,1.1 -hexafluoropropane sulfonate (PAG 111) 
[0117] To a solution of 14.14 g (0.106 mol) of 2-ch!orocyclohexane in 100 ml of ethanoi was added dropwise 50 ml 
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of a 1 5% solution of methylmercaptane sodium salt. The mixture was stirred for 3 hours. Then 600 ml water was added 
and the mixture was extracted with dichloromethane. The organic phase was dried, and the solvent was removed to 
yield crude p-oxocyclohexyl methyl sulfide, which was purified by distillation (b.p. 45 - 47 3 C/0.3 mmHg). 
[0118] 2.0 g (15.6 mmol) of this product was dissolved in 10 ml of nitromethane and added dropwise with 20 g (114 
mmol) of 2-bromonorbornane and stirred at room temperature for 1 hour. 

[01 1 9] After that, a solution of 1 .89 g (1 5.6 mmol) of silver 3,3,3.2, 1,1 -hexaf luoropropane sulfonate dissolved in 400 
ml of nitromethane was added dropwise to the reaction mixture and stirred for three hours at room temperature The 
silver bromide was removed by filtration. The filtrate was concentrated to 50 ml, and then added dropwise to 600 ml of 
diethyl ether. The precipitated solid was collected, washed with ether and recrystallized from ethyl acetate. The yield of 
p-oxocyclohexyl 2-norbornyl methyl sulfonium 3.3,3,2,1,1 -hexaf luoropropane sulfonate was 1.67 g. 

1 H-NMR (CDCI 3 ): 8 = 1.33 - 2.28 (m. 16H). 2.30 - 3.10 (m, 5H), 3.65 - 3.77 (m, 1H), 4.95 - 5.53 ppm (2m, 2H). 
Synthesis Example 112: 

Preparation of bis-(4-cyclohexylpheny!) iodonium 3 ,3, 3,2, 1,1 -hexaf luoropropane sulfonate (PAG 112) 

[0120] A 500 ml three-neck round bottom flask equipped with a stirrer, a thermometer, a dropping funnel, a con- 
denser, and a nitrogen inlet was charged with 43 g (0.20 mol) of potassium iodate, 69.2 g (0.43 mol) of cyclohexylben- 
zene and 43 ml acetic anhydride. 

[0121] The mixture was cooled to -5°C. A mixture of 43 ml of acetic anhydride and 30.1 ml concentrated sulfuric 
acid was added dropwise thereto with vigorous stirring. During the addition, the reaction temperature was kept below 
5°C. After the end of the addition, the temperature of the reaction solution was returned to room temperature over a 
period of 2 to 3 hours. The resulting mixture was left for 48 hours and cooled to 5°C. 100 g of a 1 : 1 ice/water mixture 
was added with stirring. During this operation, the reaction temperature was kept below 10°C. 
[0122] Precipitated crystals of potassium salts were removed by filtration, and the mixture was extracted twice with 
petroleum ether. To the remaining aqueous solution was added dropwise 45 g of ammonium bromide dissolved in 100 
ml water with stirring. 

[0123] The precipitate of bis-(4-cyclohexyIbenzene)iodonium bromide was isolated by filtration, washed, and dried. 
[0124] 15.26 g (28.5 mmol) of the bromide was dissolved in 100 ml of dichloromethane and 7.3 g (34.2 mmol) of 
1,1,1 ,2,3, 3 -hexaf luoropropane sulfonic acid was added. The mixture was stirred at reflux for 6 hours. Hydrogen bromide 
evolved. After cooling, the reaction mixture was washed twice with a 2.5% aqueous solution of tetramethyl ammonium 
hydroxide and then dried. The solvent was then removed. The yellowish residue was recrystallized from an isopropa- 
nol/isopropyl ether mixture to give 12.2 g (63 %) of bis-(4-cyclohexylphenyl) iodonium 3,3,3,2,1 , 1 -hexaf luoropropane 
sulfonate. This product had a melting point of 97°C. 

1 H-NMR (CDCI3): 6 = 1.12 - 1.76 (m, 20H), 2.41 - 2.44 (m, 2H), 4.96 - 5.18 (m, 1H), 7.16 - 7.19 (d 4H) 7 78 - 7 81 
(d, 4H) ppm. 

[0125] The purity was determined by HPLC analysis and found to be > 97%. 
Synthesis Examples 113-115: 

[0126] The following sulfonium salts were synthesized in substantially the same manner as in the above synthesis 
examples (PAGs 113-115). 

Diphenyl iodonium 3,3,3,2,1,1 -hexaf luoropropane sulfonate (PAG 113) 

1 H-NMR (CDCI 3 ): 8 = 4.98 - 5.20 (d[m] f 1H), 7.61 - 7.78 (m, 10H) ppm. 
Bis-(4-methylphenyl) iodonium 3. 3, 3, 2, 1,1 -hexaf luoropropane sulfonate (PAG 114) 

1 H-NMR (CDCl 3 ): 8 = 2.42 (s. 18H), 4.96 - 5.18 (d[m], 1H), 7.41 - 7.43 (d, 4H), 7.50 - 7.52 (d, 4H) ppm. 
Bis-(4-t-butylphenyl) iodonium 3.3,3.2.1, 1 -hexaf luoropropane sulfonate (PAG 115) 

1 H-NMR (CDCI3): 8 = 1.34 (s, 18H), 5.00 - 5.22 (d[m], H). 7.62 - 7.65 (d, 6H), 7.68 - 7.71 (d, 6H) ppm. 
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Synthesis Example 116. 

Preparation of 4-methylphenyl phenyl iodonium 3,3.3.2. 1,1-hexafluoropropane sulfonate (PAG ! 16) 

solvent was evaporated. The oily residue was di^cZri \iZ SJ temperature for additional 1 hour. The 

TO"" 0 * ' ■ 2 <S - "* " 98 - 6 ,8 <** ,H) ' 742 • ™ « »* «■ - K 3H). 7.6, ■ 7.78 , m . 
Synthesis Example 117: 

Preparation of bi S .(4-butoxyphenyl)phenyl sulfonium 3.3.3.2. 1.1-hexafluoropropane sulfonate (PAG 117) 

while keeping the solution temperature below S»C : with „Z i u J if ' ' ' - hexaf lu ° r °Propane sulfonate 
^-action tempera^ 

Pr T a ^J, r ° m 8 4 9 (0 34 m0,) of shaved ^gnesium. 100 g of tetrahySofuran an^2 8 a ^T^Jl T" 
and added dropwise to the above solution at 0°C. The mixture was stirra Mb? ? hoSt ?,£ ? ♦ ° chlorobenzene - 
was added to decompose the excess Grignard reagent. Th^Sc saS were ^SSSSS^Z ^ 
concentrated to about 1 60 ml and extracts with i ^nn mi ^ axZi L rem oved by filtration. The solution was 

kSHSSSSSSHHSS 

Synthesis Example 118: 

Preparation of bis-(4.methylpheny.)4-cyclohexy.pheny1 sulfonium 3.3,3.2. 1.1-hexafluoropropane sulfonate (PAG 118) 
[0131] A mixture of 10.36 g (4.5 mmol) of ditolyl sulfoxide with 7.21 g (4 5 mmol) of 4-cvelohPvvfl^n 

was filtered, followed by addition of 10 44 a (4 5 mmon ofmjn k Q v,.i 9 y sus P ended solution 

Phase was washed several limes wilh water, and then dried. The solvent wTremo^ d^STlS 15* T 

[0132] The purity was determined by HPLC analysis and found to be > 97%. 
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Synthesis Example 1 1 9: 

Preparation of tris-(4-chiorophenyl) sulfonium 3,3,3,2, 1,1-hexafluoropropane sulfonate (PAG 119) 

[01 33] A mixture of 1 3.56 g (5.0 mmol) of 4,4'-dichlorophenyl sulfoxide with 5.63 g (5.0 mmol) of 4-chlorobenzene 
was placed in a 125 ml flask. Then 20 ml of a previously prepared phosphorus pentaoxide/metanesulfonic acid reagent 
(prepared by dissolving 36 g of phosphorus pentaoxide in 360 g of methanesulfonic acid) was added thereto while stir- 
ring with a magnetic stirrer. A slight exothermic reaction occurred. The system was further heated at 55°C for 6 hours 
This resulted in significant color development. The system was then cooled to room temperature. 
[01 34] The reaction mixture was poured into 1 00 ml of water and 1 00 g of ice. Tne slightly suspended solution was 
filtered, followed by addition of 1 1 .6g (5.0 mmol) of 3,3,3,2,1 ,1 -hexafiuoropropane sulfonic acid to yield a yellow oil The 
oil was stirred for 1 hour, and 200 ml of dichloromethane was added thereto. The mixture was extracted The organic 
phase was washed several times with water, and then dried. The solvent was removed by distillation. The oily residue 
was recrystallized from ethyl acetate to give 6.5 g of the contemplated material. The structure was confirmed by 1 H- 
NMR (CDCI 3 ) with 6 = 5.25 - 5.52 (d[m], 1 H), 7.32 - 7.43 (d, 6H), and 7.63 - 7.74 (d, 6H) ppm. 
[0135] The purity was determined by HPLC analysis and found to be > 97%. 

Synthesis Example 120: 

Preparation of tris-(t-butoxycarbonyloxyphenyl) sulfonium 3,3,3,2,1 ,1 -hexafiuoropropane sulfonate (PAG 120) 

[0136] 56.8 g (0.08 mol) of tris-(4-butoxyphenyl) sulfonium 3,3,3,2, 1.1-hexafluoropropane sulfonate (Synthesis 
Example 1 10) and 1.86 g (0.008 mol) of 3.3,3,2,1 ,1 -hexafiuoropropane sulfonic add were dissolved in 200 ml of etha- 
nol. The solution was heated under reflux for 8 hours with stirring. After removal of the solvent by distillation, the 
obtained crude product of tris-(4-hydroxyphenyl) sulfonium 3, 3,3,2, 1,1-hexafluoropropane sulfonate (yield about 100%) 
was dissolved in 160 g of N,N-dimethylformamide and reacted with 55.4 g (0.40 mol) of anhydrous potassium carbon- 
ate and 60.3 g (0.40 mol) of di-t-butyl dicarbonate at 20°C for 3 hours. The reaction solution was poured into 700 ml of 
water and extracted with dichloromethane. The organic phase was washed with water and dried. The solvent was 
removed by distillation. The oily residue was purified by column chromatography on silica gel using a dichloromethane 
and methanol as the developing solvent. The white product was collected to yield 3 1 .8 g (yield 45 %) of analytically pure 
tris-(4-t-butoxycarbonylmethoxyphenyl) sulfonium 3,3,3,2,1,1 -hexafiuoropropane sulfonate. The melting point of the 
product was 78°C. The 1 H-NMR spectrum gave the following signals (CDCI 3 ): 5 = 1 .45 (s, 27H) 5 30 - 5 56 fdfml 1 H) 
7.10 - 7.13 (d,6H), 7.55 -7.60 (d,6H). " ~ 

Synthesis Example 121: 

Preparation of 4-methyfphenyl dimethyl sulfonium 3, 3, 3, 2, 1,1 -hexafiuoropropane sulfonate (PAG 121) 

[01 37] A mixture of 7.81 g (1 0.0 mmol) of dimethyl sulfoxide with 9.21 g (1 0.0 mmol) of toluene was placed in a 200 
ml flask. Then 40 ml of a previously prepared phosphorus pentaoxide/metanesurfonic acid reagent (prepared by dis- 
solving 36 g of phosphorus pentaoxide in 360 g of methanesulfonic acid) was added thereto while stirring with a mag- 
netic stirrer. A slight exothermic reaction occurred. The system was stirred at room temperature for 6 hours. The 
reaction mixture was poured into 1 50 ml of water and 150 g of ice. The slightly suspended solution was filtered, followed 
by addition of 23.2 g (10.0 mmol) of 3.3,3,2.1,1 -hexafiuoropropane sulfonic acid to yield a colorless oil. The oil was 
stirred for 1 hour, and 200 mi of dichloromethane was added thereto. The mixture was extracted. 
[0138] The organic phase was washed several times with water, and then dried. The solvent was removed by dis- 
tillation. The oily residue was recrystallized from isopropyl alcohol to give 6.5 g of the contemplated material. The struc- 
ture was confirmed by 1 H-NMR (CDCI 3 ) with 6 = 2.41 (s, 3H), 3.46 (s. 6H). 5.32 - 5.56 (d[m] t 1H), 7.42 - 7.45 (d, 2H) 
7.50- 7.53 (d,2H) ppm. 

[01 39] The purity was determined by HPLC analysis and found to be > 97%. 
Synthesis Example 122: 

Preparation of 4-hdroxy-3.5-dimethylphenyl diphenyl sulfonium 3,3,3.2,1, 1 -hexafiuoropropane sulfonate (PAG 122) 

[0140] A mixture of 13.56 g (5.0 mmol) of diphenyl sulfoxide with 5.63 g (5.0 mmol) of 4-hydroxy-3,5-dimethylben- 
zene was placed in a 125 ml flask. Then 20 ml of a previously prepared phosphorus pentaoxide/metanesulfonic acid 
reagent (prepared by dissolving 36 g of phosphorus pentaoxide in 360 g of methanesulfonic acid) was added thereto 
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while stirring with a magnetic stirrer. A slight exothermic reaction occurred. The system was further heated at ««r for 

lilT I " S '' 9ni,iCant C0 ' 0r dsv6l °P ment " ™ 3 s '/*em was then cooled to rcT^e^T 

IU141J Jhe reaction mixture was poured into 100 ml of water and 1 00 q of ice The slinhtiv, cc^or,^ ^ . * 

orgamc phase was washed several times with water, and then dried. The .* 

10142] The purity was determined by HPLC analysis and found to 2 !'> ^ ' " ? ' 79PPm ^ 1 ° H) - 

Synthesis Example 123: 

Preparation of 2-phenylcarbonylmethyl dimethyl sulfonium 3.3,3.2, 1,1 -hexafluoropropane sulfonate (PAG 123) 

15 2 0 43?g (105mmoVo?3 33 ?,°! t Ph r ylCa * 0nylmeth , y : :!imethyl chloride was dissolv ^ in 350 ml of chloroform, and 
« t V» ° ' 3 ' 3 ' 3 ' 2>1 ' 1 "hexafluoropropane sulfonate was added to the solution. The mixture was refl..«rf for 
6 hours^Dunng the reflux, hydrogen chloride was evolved The reaction mixture was cooled iZ^^^JZ 
d ned. The solvent was removed by distillation. The resultant solid was purified by recrystalStfon fro^ ™ 2 

Synthesis Example 124: 

^ Preparation of di-(4-t-butyloxyphenyl) iodonium 3.3.3.2. 1 . 1 -hexafluoropropane sulfonate (PAG 1 24) 

[0144] 6.2 g (0.1 1 mol) of potassium hydroxide was dissolved in 250 ml of ethanol 27 2 a fO 05 mnii of hie ia 

35 Synthesis Example 125: 

Preparationofdi-(4+butyl ra rbonyloxymethyloxypheny0iodcnium3.3.3.2.1,1-hexa^ 

« except that^hS° Und * ""if** substantia!| >' sa ™ as in the above synthesis example 

^H-NMR (Sy: ^ ^ ^ eqUa ' am ° Unt ° f bromoace ^- structure was confirmed' 

6 = 1.42 (s, 18H). 4.55 (s, 4H). 4. 94 - 5.13 (d[m], 1H). 7.10 - 7.14 (d. 4H). 7.56 - 7.60 ppm (d. 4H). 
45 Synthesis Example 126: 

Preparation of 4-t-butylphenyl phenyl iodonium 3.3.3,2.1, 1 -hexafluoropropane sulfonate (PAG 126) 

so SIS , tin 9 S° mm °° ° f iodos y ,ben2ene was suspended in 100 ml of dry dichloromethane. The suspension was 
SSJrr 0 Wlth , St,rm9 - 465 9 < 20 mmo1 ) * 3.3.3.2.1.1-hexafluoropropane sulfonic acid (opBonJfSS was 

hour? 51 7ZT T^rr the ; e, ° under exc,usion of mo,sture - The ^ ^ - £«» j£22 

Th l te t mperature of the mi3rture returned to 0»C. and 2.68 g (20 mmol) of 4-t-butylbenzene was added 

^ho^T^lLrT^ VS temPeratUre ° f thS miXtUr6 V/3S re,Umed to room temperature, jSSSl^S^ 
6 hours. Thereafter, the msolubles were removed by filtration. The solvent was removed from the filtrate The oilv re2 
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Example 101: 

[0147] A copolymer of 4- hydroxy sty rene and 4-t-butyloxycarbonylstyrene was prepared by reacting monodisperse 
poly-4-hydroxystyrene with di-t-butylcarbonate. The copolymer had a molecular weight of 8,700 with a polydispersity of 
1 .18 as determined by GPC using polystyrene as the standard- The molar ratio of 4-hydroxystyrene : 4-t-butyloxycarb- 
onylstyrene was 7 : 3 as concluded from inspection of the 'H NMR spectrum. This copolymer will be hereinafter often 
referred to as "POLY 101." 

[0148] The following ingredients were mixed together to prepare a solution of a positive-working chemically ampli- 
fied radiation sensitive composition suitable for DUV (248 nm) exposure: 

9.8 g of the above copolymer, 

0.3 g of triphenyl sulfonium 3,3,3,2, 1 , 1 -hexafluoropropane sulfonate, 

0.02 of tetramethy! ammonium hydroxide, 

0.004 g of Megafac R-08 (tradename), and 

64.2 g of propylene glycol monomethyl ether acetate. 

[0149] The solution was filtered through a teflon filter having a pore diameter of 0.1 nm, spin coated on a silicon 
wafer pre-coated with DUV- 18, an antireflective coating provided by Brewer Science at a film thickness of 1 15 nm (bake 
temperature: 200 2 C), at 3,000 revolutions and dried at 90°C for 60 seconds on a hot plate to remove the solvent. Thus 
a 0.72 jim-thick thin film was obtained. 

[01 50] The recording material thus obtained was imagewise exposed using a mask providing lines and spaces pat- 
terns down to 0.10 ^im per image with a DUV stepper Nikon NSR 2005 EX 10B, having a numerical aperture (NA) of 
0.55 during exposure and a coherence factor (a) of 0.55 with a dose of 18 mJ/cm 2 . The medium was baked at 100°C 
for 90 seconds to develop the latent image, and then processed at 23°C by puddle development with AZ MIF 300, a 
surfactant free developer containing 2.38% by weight of tetramethyl ammonium hydroxide provided by Clariant Japan 
K.K. A defect-free image of the mask with high edge stability was obtained, structures < 0.25 pm being resolved faith- 
fully to detail and the width ratio (linearity of the resist) of nominally equal lines/space structures being virtually constant 
in the range between 1.00 urn and 0.25 nm. The resist profile was almost vertical and very smooth, as neither edge 
roughness nor standing waves were observed. 

Example 102: 

[0151] Radical copolymerization of 4-acetoxystyrene, styrene and t-butylmethacrylate was carried out in the pres- 
ence of 2,2-azo-bis-isobutyronitrile as a polymerization initiator, followed by hydrolysis of the acetate groups with an 
aqueous ammonium acetate solution to prepare a terpolymer of 4-hydroxystyrene, styrene and t-butyl methacrylate. 
The terpolymer had a molecular weight of 14,200 with a polydispersity of 1 .69 as determined by GPC using polystyrene 
as the standard, and the molar ratio of 4-hydroxystyrene : styrene : t-butylmethacrylate was 7 : 2 : 1 as determined by 
NMR. This polymer will be hereinafter often referred to as "POLY 102." The following ingredients were mixed 
together to prepare a solution of a positive-working chemically amplified radiation sensitive composition suitable for 
DUV (248 nm) exposure: 

9.8 g of the above copolymer, 

0.3 g of diphenyl iodonium 3,3,3,2, 1 , 1 -hexafluoropropane sulfonate, 

0.03 g of triphenyl sulfonium acetate, 

0.004 g of Megafac R-08 (tradename), and 

64.2 g of propylene glycol monomethyl ether acetate. 

[0152] The solution thus obtained was filtered, spin-coated on a HMDS treated silicon wafer and baked for 60 sec- 
onds on a hot plate at 1 30°C to yield a film thickness of 0.82 jim. The recording material was exposed in the same man- 
ner as in Example 101. The dose was 27 mJ/cm 2 . The film was then baked at 130°C for 90 seconds. 
[0153] Subsequent development as described in Example 101 resolved line and space patterns below 0.23 nm. 
From scanning electron microscope (SEM) inspection, it was concluded that the linewidth of isolated and dense lines 
was almost equal, i.e. the dense to iso bias was negligible. Isolated line patterns were resolved down to 0.16 \im. 

Example 103 and Comparative Examples 101 and 102: 

[01 54] Radical polymerization of 4-t-butyloxystyrene was carried out in the presence of 2,2-azo-bis-isobutyronitrile 
as a polymerization initiator, followed by partial hydrolysis of the t-butyioxy groups with a concentrated aqueous hydro- 
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terpolymerof 4-hydroxystyrene H^Z^^T^J^^ f ^"^^ ^ 85 3 to prepare a 

molecular weight of 23^400 with a po.STJ^ ^ terpolymer thus obtained had a 

5 the molar ratio of 4-hydroxystyrene stvrene ■ l ShuM mttho™.!. „ y US ' ng P 0 '^™* as the standard, and 
NMR. This po.ymer wi,, be«S r 2 SSro!?,^ ^ " : " : 1 « * 

10 9.8 g of the above copolymer, 

0 3 ! £ "S IT" 10 !! °! tr ^ en ^ fonj ^ 3,3 1 3.2,1,l.hexafluoropropane sulfonate (Example 103) 

0 m i mm0,) f: n P h l f n ^ su,fo ™" camphor sulfonate (Comparative Examp Tl01 * 

0.25g(06l ^oljoftriphenylsulfoniumtrifluorometrianesulfonate horo . „ „ 

referred to as "triphenylsulfonium trif late"), i^mparauve fcxample 1 02), hereinafter often 

*s 0.02 g of triphenyl sulfonium acetate, 

0.05 g of 9-anthramethyl acetate (DUV absorber), 

0.004 g of Megafac R-08 (tradename), and 

64.2 g of propylene glycol monomethyl ether acetate 

[01 58] Development was done as described in Example 1 0 1 

(3) 1 = poor):" 116 ,ONOWin9 reSU " S W6re ° btained (T3b,e 101 : "** was added ^thesis (1) . best. (2) intermediate. 
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Dose (mJ/cm 2 ) 



Dense Line Resolution 
(iim) 

Isolated Line Resolution 



Dense Line DOF @ 0.22 
Mm (urn) 



Example 103 

18(1) 
0.18(1) 

0-17(1) 



1.4(1) 



Isolated Line DOF @ 0.22 
Mm (urn) 

Dense/iso bias @ 0.22 ^m 
(Mm) 



1.0(1) 

iToT 



Comparative Example 101 
29 (3) 
0.26 (3) 

0.19(2) 



0.0 (3) 



0.6 (3) 
Na(3)~ 



Comparative Example 102 
18(1) 
0.18(1) 

0.20 (3) 



1.1 (2) 



0.7 - 0.8 (2) 
31 (2) 



Example 104 and Comparative Examples 103 and 104: 



[0160] 



Monodisperse poly-4-hydroxystyrene (Nippon Soda Co., Ltd., Mw = 12,000, polydispersity = 1.16) was 
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reacted with 2-chloroethyl vinyl ether in the presence of p-toluenesulfonic acid as a catalyst to prepare a copolymer of 
4-hydroxystyrene and 4-(1-(2-chloroethoxy)ethoxy)styrene. The copolymer had a molecular weight of 13 700 with a 
polyd.spersity of 1 .21 as determined by GPC using polystyrene as the standard, and the molar ratio of 4-hydroxystyrene 
referl^t^ W3S ? ' 1 = 2 9 35 measured by ' H NMR ' This P 01 ^ wil1 be hereinafter often 

[0161] The following ingredients were mixed together to prepare three solutions of a positive-working chemically 
amplified radiation sensitive composition suitable for DUV (248 nm) exposure: 

9.8 g of the above copolymer, 

0.25 g of triphenyl sulfonium 3, 3, 3,2, 1,1-hexafluoropropane sulfonate (Example 104). 

0.25 g of triphenyl sulfonium trrflate (Comparative Example 103), 

0.25 g of triphenyl sulfonium propane sulfonate (Comparative Example 104), 

0.03 g of triphenyl sulfonium acetate, 

0.004 g of Megafac R-08 (tradename), and 

64.2 g of propylene glycol monomethyl ether acetate. 

[0162] The solutions thus obtained were filtered, spin coated on two HMDS treated silicon wafers each (total 6 
wafers), baked for 90 seconds on a hot plate at 1 10°C to yield a thin layer having a thickness of 0 75 ± 0 02 urn The 
recordmg material was exposed as described in Example 101 (NA = 0.55, a = 0.55). The dose was as indicated in Table 
102. While one of each wafer was placed immediately on a hot plate and baked for SO seconds at 90°C (Test A) the 
second wafers were stored in the clean room for 60 minutes and then baked under the same conditions (Test B) Next 
these wafers were developed as described in Example 101. The results are compiled in Table 102 
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15 



20 



25 



Test A 

Dose (mJ/cm 2 ) 


Example 104 
22 (2) 


Comparative Example 103 
20(1) 


Comparative Example 104 
37(3) 


Dense Line Resolution 
(urn) 


0.17(1) 


0.18 (2) 




Isolated Line Resolution 
(urn) 


0.17(1) 


0.19 (2) 




Dense Line DOF @ 0.22 


1.4- 1.5 


1.1 (2) 


1.1 (2) 


Isolated Line DOF @ 0.22 


1.0(1) 


0.6 (3) 0.7 


- 0.8 (2) 


Dense/iso bias (§> 0.22 pm 
(nm) 


17(1) 


30 (3) 


27 (2) 


T-top 


None(1) 


None(1) 


None(1) 






i est d (after one hour) 


Example 104 


Comparative Example 103 


Comparative Example 104 


Dose (mJ/cm 2 ) 


22(1) 


21 (2) 


34 (3) 


Dense Line Resolution 
(urn) 


0.17(1) 


0.18(2) 




Isolated Line Resolution 
(urn) 


0.17(1) 


0.21 (2) 


ft 91 /n\ 


Dense Line DOF @ 0.22 
Mm (urn) 


1.4-1.5 


0)0.9(2) 


0.6 (3) 


Isolated Line DOF @ 0.22 
Mm (urn) 


~ ~ 09(1) 


~ 0.4 (3) 


0.6 (2) " 


Dense/iso bias @ 0.22 
(nm) 


19(1) 


~ 37(3) ~~ 


32 (2) 


T-top 


None 


Yes, slight 


Yes, medium 


remarks: The definition of the test items is the same as given in Example 103 T-top indii 
uble phase on top of the resist. 

These results demonstrate superior performance of the resist material of the present inv 
onty in dimensional stability upon delay time changes (Test B). 


sates formation of an insol- 
ention (Test A) and superi- 
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Example 105: 



[0163] Monodisperse poly-4-hydroxystyrene (manufactured by Nippon Soda Co., Ltd.. Mw = 2 000 oolvdisoersih/ 

^ZtT^t dihydropyran and r minor amourt of a - <o - triethy,ene 9,yco ' *** ether SSrSSoS? 

rrn«r ST l ° PrSpare 3 ^P 0 '^ <* 4-hydroxystyrene and 4-tetrahydropyranyloxystyrene partially 

so I",' tn ! thylene 9,yC °' *** 8ther 1119 Copolymer had " averaae ^cuTar weight ofy 500 wStn 

™ lTCU,a ^ ei ^^ution at about 2.300. 4.600 and 7.000 and a mine? amounVof^her 
tSr, ^ , determ,ned ^ GPC with PO'yslyrene as the standard, and the molar ratio of 4-hydroxystyrene- 1 

55 Sh^;^! fol T in9 insred . ients were mixed t0 9 ether t° P^are a solution of a positive-working chemically ampli- 
55 tied radiation sensitive composition suitable for DUV (248 nm) exposure: emicauy ampii 

9.8 g of the above copolymer, 

0.42 g of t-butyloxycarbonylphenyl diphenyf sulfonium 3.3.3.2,1.1 -hexafluoropropane sulfonate. 
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0.03 g of tri-n-octylamine, 

0.05 g of N,N-dimethylacetamide, 

0.004 g of Megafac R-08 (tradename), and 

64.2 g of propylene glycol monomethyl ether acetate. 

[0165] The solution was filtered, spin coated on a silicon wafer covered with a phosphor-spin-on-glass layer which 
has been pretreated bake at 150°C, and baked for 90 seconds on a hot plate at 1 15°C to yield a thin layer having a 
thickness of 0.65 urn. The recording material was exposed as described in Example 101 (NA = 0.55, a = 0.71) using a 
mask with contact hole patterns down to 0.1 5 urn at a dose of 55 mJ/cm 2 and baked for 90 seconds' at 120 3 C. 
[0166] Next the material was developed as described in Example 101 . 

[01 67] Scanning electron microscope (SEM) inspection revealed that the recording material resolved 0 20 urn con- 
tact holes at a duty ratio of 1 : 1 with a usable depth-of-focus (DOF) of about 0.9 urn. The side walls of the contact holes 
were vertically, and virtually no footing was observed at the resist/substrate interface. 



Example 106: 



[0168] Monodisperse poly-4-hydroxystyrene (manufactured by Nippon Soda Co., Ltd., Mw = 8,000, polydispersity 
= 1 .09) was reacted with ethyl vinyl ether in the presence of p-toluenesulfonic acid as a catalyst to prepare a copolymer. 
The copolymner was reacted with di-t-butylcarbonate in the presence of triethylamine to prepare a terpolymer of 4- 
hydroxystyrene, 4-(i-ethoxyethoxystyrene) and 4-(t-butyloxycarbonyloxystyrene). The terpolymer had an average 
molecular weight of 10,200 with a polydispersity of 1 .1 3 as determined by GPC using polystyrene as the standard, and 
the molar ratio of 4-hydroxystyrene : 4-(1-ethoxyethoxy)styrene : 4-t-butyloxycarbonyloxystyrene was 6.5 : 3.8 : 0/7 as 
measured by 1 H NMR. This polymer will be hereinafter often referred to as "POLY 106." 

[0169] The following ingredients were mixed together to prepare a solution of a positive-working chemically ampli- 
fied radiation sensitive composition suitable for DUV (248 nm) exposure: 

9.8 g of the above terpolymer, 

0.35 g of bis-(4-cyclohexyIphenyl) phenyl sulfonium 3,3.3,2, 1,1-hexafluoropropane sulfonate, 

0.02 g of tetrabutyl ammonium hydroxide, 

0.02 g of N,N-dicyclohexylamine p 

0.004 g of Megafac R-08 (tradename), and 

64.2 g of ethyl lactate. 

[0170] The solution thus obtained was filtered, spin-coated on a HMDS treated silicon wafer and baked for 90 sec- 
onds on a hot plate at 85°C to yield a thin layer having a thickness of 0.57 urn. The recording material was exposed as 
described in Example 101 (NA = 0.55, a = 0.71) using a mask with contact hole patterns down to 0.15 urn at a dose of 
55 mJ/cm 2 and baked for 90 seconds at 1 20°C. 

[0171] Next the material was developed as described in Example 101. 

[0172] Exposure was performed as described in Example 101 using NA = 0.50 and a o-value = 0.60 at a dose of 
24 mJ/cm 2 . The material was baked for 90 seconds at 105°C. and developed with the surfactant-free developer of 
Example 101 for 60 seconds at 23°C followed by water rinsing. 

[0173] The material resolved dense lines and spaces patterns down to 0.1 9 urn and isolated lines down to 0. 1 6 um. 
The pattern shape was rectangular and no standing waves were observed. The DOF of the isolated patterns was larger 
than 1 .0 nm for 0. 1 8 nm features. 



Examples 107 and 108: 



[0174] Radical copolymerization of 4-acetoxystyrene with 4-t-butylacrylate was carried out in the presence of 2,2'- 
azobis-(4-dimethoxy-2,4-dimethylvaIeronitriIe) as a polymerization initiator, followed by hydrolysis of the acetate groups 
with an aqueous ammonium acetate solution. A part of the hydroxy groups in the copolymer thus obtained were reacted 
with ethyl vinyl ether in the presence of p-toluenesulfonic acid as a catalyst to prepare a terpolymer of 4-hydroxystyrene, 
4-(1 -ethoxyethoxystyrene) and 4-t-butylacrylate. The terpolymer had an average molecular weight of 8,700 with a poly- 
dispersity of 1 .71 as determined by GPC using polystyrene as the standard, and the molar ratio of 4-hydroxystyrene : 
4-(1-ethoxyethoxy)styrene : 4-t-butylacrylate was 7.1 : 1.8 : 1.1 as measured by 1 H NMR. This polymer will be herein- 
after often referred to as "POLY 107." 

[0175] The following ingredients were mixed together to prepare a solution of a positive-working chemically ampli- 
fied radiation sensitive composition suitable for DUV (248 nm) and e-beam exposure: 
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9.8 g of the above terpolymer, 

0.28 g of bis-(4-cyclohexylphenyl) iodonium 3.3,3.2.1.1 -hexafluoropropane sulfonate 

0.03 g of tnphenyl sulfonium hydroxide, 

0.004 g of Megafac R-08 (tradename), and 

64.2 g of propylene glycol monomethyl ether acetate. > 

[01 76] The solution was filtered, spin-coated on two HMDS treated silicon wafers and baked on a hot « an 
seconds at 1 1 o-C to yield a thin .ayer having a thickness of 0.53 pm. One of tne Z^S^^J^JZ 
excimer laser rad.at.on provided by a Nikon NSR 2005 EX 10B stepper with an NA - 0 55 and TvZ~n^£? 
0.80 usingamask with lines and spaces P^ems down to 0.10 M mafa dose of 

was pattern-wise exposed with e-beam radiation provided from a JEOL JBXX 5DI. opera ting at 50 keV wS a soo 
by 3 wl^ 

iS ri 7116 ex = imerlaserex P° sed serial resolved dense lines and spaces patterns down to 0 18 urn and isolated 

The nn F 5 HH eS & TJ > 014 ^ ThS Pattem Shape W3S recta ^ and only minor standing waves SiSSSd 
The DOF of the isolated patterns was larger than 1.0 M m for 0.16 urn features ooserved. 

T^n^^ITu 6 ^ 0 , 3 ^ mat6rial reS0 ' Ved dense lines and s P aces down to 0 1 6 nm and isolated lines down to 
0.1 1 Mm. The DOF of the .solated patterns was larger than 1 .0 nm for 0.15 urn features. 

Examples 1 09 and 110: 

TlriH tJtX rP ° ly T er ° f t^ 6 ™^*™' ^-(t-butoxystyrene) and 4-t-bulvlcarbonylmethyloxy styrene was prepared 
by acid hydrolysis of monod.sperse poly-4-t-butoxystyrene to leave 15% of the butoxy groups intact A Dart of thp 
hydroxy groups ,n the copo. y mer were reacted with t-butyl bromoacetate in the pressenSol Sy lanSe as cat ret 
The terpolymer had an average molecular weight of 8.700 with a polydisperstty of 1 .06 as dSSS by GPC 2£ 

[0180] This polymer will be hereinafter often referred to as TOLY 108 " 

S?Ih- 7116 ^T^ 9 ingredients were mixed together to prepare a solution of a positive-working chemically amoli 
f.ed radiation sensitive corrposition suitable for DUV (248 nm) and x-ray exposure: cnemicaily ampli- 

9.8 g of the above terpolymer, 
. 0.2 g of bis ; (t-bu1ylc^rbonylmethy!oxyphenyl) iodonium 3.3,3.2,1 ,1 -hexafluoropropane sulfonate 
* 9 ° fMt'butylcarbonylmethyloxyphenyl) sulfonium 3.3,3,2, 1 .1 -hexafluoropropane sulfonate 
0.03 g of tributylammonium pyrovate, 
0.004 g of Megafac R-08 (tradename), and 
64.2 g of methyl amyl ketone. 

EJwca'StiS'JSnT f H ered ' °. n HMDS ,reated silicon wa,ers and baked on a hot 00 

sec/1 00 C) to yield a thin layer having a thickness of 0.72 nm. One of the recording materials was exnosPri with I -v,-,™ Z 
patterns ! TnlT^ * T T 2005 EX T "»* ^ = ^ ° ' 

Son SS£,°k ° ^ w d ° Se ° f 25 " UtoT * ThS ° ther reCOrdin9 material was Patternwise exposed with x-rj 
SSE? b/ -I 0 6 GeV conducting beam storage ring with a peak wavelength of 7.5 A^ing a Karl SuE 

^n to 00 nm ^ 8 PrOX ' m,ty T P , ° f 30 ^ 3t 3 d ° Se ° f 60 mJ/Gm ' The mask *** " nes *™> spaces pattern 
waTers wlr ^ ° f °f Mm th ' Ck ^ * B0 * >r on a 2 0 ^ < hi <* SiC membrane The exposed 

wafers were baked for 90 seconds at 1 10°C and developed as described in Example 101 

lated TlLc I^!l eXCimer i a ! er 6XP f Sed matSrial reSO ' Ved d9nSS ' ines and Spaces P atterns dow " to 0.16 ^ but the iso- 

LnTol m^IT^ UnStab ' e !? 31 9e0metfieS be,0W 018 ^ The P attem "^rectangular 

ana only minor standing waves were observed. 

SISf] 7116 D ° F ° f thS iSOlated P atterns was lar 9er than 1 .0 nm for 0.1 6 pm features 

° I jJ^S f f XP °^ "T** r6SO,Ved denSe ' ineS and Spaces down to 014 and ^'ated lines down to 
Jm *I ai5 Jnmfelres S " ^ t0 C °" aPSe - ^ D ° F ° f the iS °' ated P**™ was ,ar 9 er *" 10 
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Example 111: 

[0186] The following ingredients were mixed together to prepare a solution of a positive-working chemically ampli- 
fied radiation sensitive composition suitable for DUV (248 nm) exposure: h 

9.8 g of the terpolymer described in Example 107 (POLY 107), 

0.8 g of 4,4 , -(1-methylethylidene) bis-[4,1-phenyleneoxy acetic acid] di(1,1-dimethylethyl) ester, 
0.2 g of bis-(4-cyclohexylphenyl) phenyl sulfonium 3,3,3,2, 1 , 1 -hexaf luoropropane sulfonate, 
0.03 g of triphenyl sulfonium hydroxide. 

10 0.05 g of a condensation product of 2 moles 9-anthrylmethanol reacted with 1 mole toluene- 1 ,3-diisocyanate (DUV 
absorber), 

0.004 g of Megafac R-08 (tradename), and 

64.2 g propylene glycol monomethyl ether acetate. 

is [0187] The solution was filtered, spin-coated on a HMDS treated silicon wafer and baked on a hot plate (90 
sec/1 10°C) to yield a thin layer having a thickness of 0.51 [im, exposed as described previously (NA = 0.55) at a dose 
of 34 mj/cm 2 , baked for 90 seconds at 120°C and developed. 

[0188] The material resolved dense lines and spaces patterns down to 0.1 6 j^m and isolated lines down to 0. U urn. 
The pattern shape was rectangular and only minor standing waves were observed. The DOF of the isolated patterns 
20 was about 0.8 for 0.16 ^im features. 

Examples 112 and 113: 

[0189] 4-Hydroxystyrene, tetracyclododecyl methacrylate, t-butyl methacrylate and methacrylic acid 2-tetrahydro- 
25 pyranyl ester was radically polymerized in the presence of 2,2'-azobis(isobutyronitrile) as a polymerization initiator to 
prepare a quaterpolymer. The quaterpolymer had an average molecular weight of 13.200 with a polydispersity of 2.4 
as determined by GPC using polystyrene as the standard, and the molar ratio of the components was 1.5 : 3.5 : 2.5 : 
2.5 as measured by 1 H NMR. This polymer will be hereinafter often referred to as "POLY 109." 
[01 90] The following ingredients were mixed together to prepare a solution of a positive-working chemically ampli- 
30 fied radiation sensitive composition suitable for DUV (248 nm) exposure and VDUV (193 nm) exposure: 

7.8 g of the quaterpolymer described above, 

2.8 g of 4,4'-(1 -methyl ethylidene) bis-[4,1-cyclohexyleneoxy acetic acid] di(1,1-dimethylethyl) ester. 
0.2 g of bis-(4-cyclohexylphenyl) iodonium 3,3,3,2,1 ,1 -hexaf luoropropane sulfonate, 
35 0.03 g of triethanolamine. 

0.004 g of Megafac R-08 (tradename), and 

64.2 g of propylene glycol monomethyl ether acetate. 

[0191 ] The solution was filtered, spin-coated on two silicon wafers pretreated with AZ® KrF-2, a commercially avail- 
40 able antiref lective coating available from Clariant Japan K. K, baked for 90 seconds at 1 20°C to yield a thin layer having 
a thickness of 0.51 ± 0.02 jim, and one wafer was exposed as described in Example 101 (NA = 0.55, a = 0.80) at a dose 
of 24 mJ/cm 2 , while the other wafer was exposed with an ISI ArF stepper with a NA = 0.60 and a a = 0.75 at a dose of 
1 1 mJ/cm 2 . The exposed wafers were baked for 90 seconds at 125°C and developed. 

[0192] The KrF excimer laser exposed material resolved dense lines and spaces patterns below 0.1 6 jim, isolated 
45 lines down to 0. 1 4 jim, but both with a slight tendency to form T-tops. The ArF excimer laser exposed material showed 
the same resolution and pattern characteristics as the KrF excimer laser exposed material, however, the DOF of 0.18 
jim lines exceeded that of the KrF exposed material by 25%. 

Examples 114-137: 

50 

[0193] The following radiation sensitive compositions were prepared and processed according to the steps indi- 
cated in Table 1 03. where 

"Polymer denotes the polymer used. 
55 "PAG" denotes the PAG (photoacid generator) used, 
"Disslnh" denotes the dissolution inhibitor used, 
"Base" denotes the basic additive used, 
"Solv" denotes the solvent used. 
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"Ratio" denotes the component ratio in parts by weight, 

-PB- H?nl?»h 0teS th f? ubstrate t0 bs «*ed with *e radiation sensitive composition. 
PB denotes the appl.ed prebake conditions (temperatureAime) 
"FT" denotes the film thickness of the radiation sensitive composition 

\S^Z TVP £f en0teS ? e , radiati ° n wavelen 9 tn em P'°yed (ArF = 193 nm excimer laser. KrF = 248 nm excimer 
laser. rime = 365 nm quartz lamp, e-beam = 30 keV electron beams, x-ray = 1 3 nm) 

IwdZSZXZ? ■ST* 6XP0SUre dOSS 0n mJ/bm2 ,0f AfF KrF ' Mine and ^ «* in M CW for e-beam) 
PEB denotes the applied post exposure bake conditions (temperature/time) }> 

hyd7^Ts°o^ ndi,i ° nS d9Ve,0Pm6nt < tem ^^ with an aqueous 2.38% tetramethy. ammonium 
"Res" denotes the resolution capability of dense 1 :1 lines and spaces 

••ProMr p S A^!^ den . 0teS . the ' ineWidth 0113096 < 10% upon de,£ * between ex P°sure and post exposure bake 
Prohle Angle denotes the angle between the substrate and the sidewall of 0 25 „ni line pattern^ 
DOF denotes the depth of focus of dense 0.25 u m lines. panerns. and 
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EXAMPLE # 
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[01 94] The following abbreviations were used for the ingredients shown in the table. 
POLY 101 to POLY 109 = see the above examples 



BNj^norin- <co mow 
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POLY 110 = poly-(4-hydroxystyrene-co-4-(1-ethoxyethoxy)styrene), 6.7 : 3.3; Mw = 8,700; D = 1.12; 

POLY 111= poly-(4-hydroxystryene-co-t-butylmethacrylate); 7.2 : 2.8; Mw = 1 1 ,400; D = 1 .86; 

POLY 1 12 = poiy-(4-hydroxystyrene-co-4-(1-ethoxyisopropoxy)styrene; 6.9 : 3.1; Mw = 8,200;D = 1.14; 

POLY 113 = poly-(3-hydroxystyrene-co-4-t-butyl vinylphenoxyacetate); 6.8 : 3.2; Mw = 15,200, D = 2.21 ; 

POLY 114 = poly-(4-hydroxystyrene-co-4-^ 3 2 ■ no- Mw - 

14,000; D= 1.84; ' 1 ~ 

POLY 1 15 = poly-(4-hydroxystyrene-co-8-methyl-8-t-butoxycarbonyltetracyclo[4.4.0.1 2 5 .1 7 10 ]dodec-3-ene-co- 
maieic anhydride); 1 : 4 : 5; Mw = 4,800; D = 2.45; 

POLY 116 = poly-(4-hydroxystyrene-co^ 65 • 25 * 

1.0; Mw = 9,400; D = 1.18; 

POLY 117 = poly-(4-hydroxystyrene-co-styrene-co-4-t-butyl vinylphenoxyacetate); 6.0 : 2.0 : 2 0" Mw= 12 300* D = 
1.72; 

POLY 118 = poly-(4-hydroxystyrene-co-4-t-b^ 6.8 • 2 V i 1 Mw 

= 7,200, D = 1.65; 

POLY 119 = poly-(-4-hydroxystyrene-co-4-butoxystyrene-co-4-(1-elhoxyeihoxy)styrene-ra acid t- 

butylester); 7.0 : 1 .2 : 1 .3 : 0.5; Mw = 1 1 ,300. D = 2.25; 

POLY 120 = poly-(4-hydroxystyrene-co-2-hydroxystyrene); 2 : 8; Mw = 9,200, D = 1.85; 

POLY 121 = poly-(2-hydroxystyrene-co-2-methyl-adamantyl methacrylate-co-mevalonyl methacrylateV 1 • 6 ■ 3- 
Mw = 7,700, D = 2.17; /■■-*. 

PAG 101 to PAG 126 = see the above synthesis examples 

DISS 101 = 4 t 4 , .(l-phenylethylidene)-bis-[4,1-phenyleneoxy acetic acid] -di-( 1,1 -dimethyl ethyl) ester, 

DISS 102 = ethylidene tris-[4,1 -phenyl eneoxy acetic acid]-tris-(1,1-dimethylethyl)ester, 

DISS 103 a (l-methylethylideneJ^i^l-phenylene-bis-fl.l^limethylethyOcarbonic acid ester, 

DISS 104 = ethylidene-tris-4,1 -phenylene-tris-(1 ,1 <Ji methyl ethyl)carbonic acid ester, 

BASE 101 = tetramethyl ammonium hydroxide, 

BASE 102 = tetra-n-butyl ammonium hydroxide, 

BASE 103 = tetra-n-butyl ammonium lactate. 

BASE 104 = methyldicyclohexylamine, 

BASE 105 = tri-n-octylamine, 

BASE 106 = triethanolamine, 

BASE 107 = triphenyl sulfonium acetate, 

SOLV 101 = propylene glycol monomethyl ether acetate, 

SOLV 102 = ethyl lactate, 

SOLV 103 = methyl amyl ketone, 

BARC 101 = DUV BARC AZ® KrF-3B® (available from Clariant Japan K.K.), 
BARC 102 = DUV BARC CD-9® (available from Brewer Science), 
BARC 103 = DUV BARC DUV18® (available from Brewer Science), 
BARC 104 = DUV BARC DUV42® (available from Brewer Science), 
BARC 105 = Mine BARC AZ® BarU® II (available from Clariant Japan K.K.). 

[0195] All formulations contain a minor amount (< 0.01 ppw) of Megafac R-08 (tradename) surfactant. 
Example 138 and Comparative Examples 105 and 106: 

[0196] The following ingredients were mixed to gether to prepare three solutions of a positive-working chemically 
amplified radiation sensitive composition suitable for DUV (248 nm) exposure: 

9.8 g of the terpolymer (POLY 102) of the Example 102, 

0.35 g (0.708 mmol) of triphenyl sulfonium 3,3,3,2, 1,1-hexafluoropropane sulfonate (Example 138) or 

0.54 g (0.708 mmol) of triphenyl sulfonium perfluorooctane sulfonate (Comparative Example 104) or 

0.29 g (0.708 mmol) of triphenyl sulfonium trifluorom ethane sulfonate (Comparative Example 105), 

0.02 g of triphenyl sulfonium acetate, 

0.004 g of Megafac R-08 (tradename), and 

64.2 g of propylene glycol monomethyl ether acetate. 

[0197] The solutions were filtered, and spin coated on two silicon wafers each, which have been precoated with 
DUV 30, an anti reflective coating provided by Brewer Science at a film thickness of 90 nm (bake conditions: 190°C/60 
sec). The substrate reflectivity at this film thickness was approximately 6%. The films were baked for 90 seconds at 
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120°C to yield thin films having a thickness of 0.72 ±0.01 nm and exposed as described in ExamoiP mi Thoo^ 
was followed by a post exposure bake at 120°C for 60 seconds anTa devefopmS! P * 

[01 98] The following results (Table 104) were obtained. 
[0199] The test items in the table were the same as those in Example 1 03. 



Table 104 
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Example 138 


Comparative Example 
105 


Comparative Examnlp 
106 


Dose (mj/cm 2 ) 


22 (2) 


26 (3) 


21(1) 


Dense Line Resolution {\xm) 


n oo (i\ 


0.24 (3) 


0.22(1) 


Isolated Line Resolution (urn) 


0.12 (1) 


| 0.15(3) 


0.13(2) 


Dense Line DOF @ 0.22 jim (pm) 


0.5-0.6(1) 


0.0 (3) 


0.3 - 0.4 (2) 


Isolated Line DOF @ 0.22 jim (jim) 


1.8(1) 


1-6 (3) 


1.7-1.8 (2) 


Dense/iso bias @ 0.22 ^m (nm) 


22(1) 


Na (3) 


27(2) 


Dense Pattern Profile @ 0.18 \itr\ 


Good (2) 


Very good (1) 


Good (2) 


Isolated Pattern Profile @ 0.15 *im 


Good (1) 


Film Loss (3) 


Tapered (2) 


Standing Waves 


Visible (1) 


Strong (2) 


Visible (1) 


Dense/iso bias @ 0.22 (nm) 


22(1) 


Na (3) 


27(2) 



S perfo^manSr ^ ' ^ *" *" ° f ^ PreSent '' nventi0n nas Some su ?™* *» 



Example 139 and Comparative Examples 107 and 108: 



l^L TT 6 followin 9 ingredients were mixed together to prepare three solutions of a positive-workina chemicallv 
amplified rad.at.on sensitive composition suitable for DUV (248 nm) exposure. cnem.cally 

9.8 g of the terpolymer (POLY 103) of Example 103. 
0.5 g of a.a-bis(cyclohexylsulfonyl)diazomethane. 

0.35 g of triphenyl sulfonium 3.3.3.2,1,1-hexafluoropropane sulfonate (Example 139) or 

0.35 g of triphenyl sulfonium trifluoromethane sulfonate (Comparative Example 107) or 

0.35 g of diphenyl iodonium trifluoromethane sulfonate (Comparative Example 108) 

0.03 g of triphenyl sulfonium acetate, 

0.004 g of Megafac R-08 (tradename), and 

64.2 g of propylene glycol monomethyl ether acetate. 

D°uS 2 L a J*? TO?™ WS - e ,i,tered • 3nd **" COated ° n tW0 silicon wafers each, which have been precoated with 
2^rL an ? r !" ectlv t Coat,n 9 P™»* by Brewer Science Corp.. USA. at a film thickness of 60 nm (bake condition? 

2£J f I 56 ?' ! SUbStr3te r6f ' eC,ivity 91 tWs ,i,m thickness was less * an 5 % - Baki "9 *» 90 seconds at 90»C pro 
s2S.il T'rj ayer aVm9 3 thlCk ? eSS °' 0 65 ± 0 01 ^ T °P^ l8w inspection of the photoresists by microscope and 
scanning electron microscope indicated that all three films exhibited smooth surfaces without any sign of pinholes con- 
cerns, or cracking. The recording materials were exposed as described in Example 101 (NA = 0.55. <r = 0 55) usino a 
half-tone mask with 0.3 contact hole patterns at a dose of 18 mJ/cm*. baked at 105-C for 90 seconds and delel 

[0203] The results are summarized in Table 105. 

[0204] The test items were the same as those in Example 103. 
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Table 105 







comparative bxamcie 
107 


Comoarative Example 
108 


Dose (mJ/cm 2 ) 


42 (3) 


41 (2) 


32 (1) 


Dense C/H Resolution fcm) 


0.22 (1) 


0.22(1) 


0.22(1) 


Isolated C/H Resolution frim) 


0.22 (1) 


0.23 (2) 


0.23 (2) 


Dense C/H DOF @ 0.25 urn (urn) 


1.8(1) 


1.7 (2) 


1.6 (3) 


Isolated C/H DOF @ 0.25 um (um) 


1.3(1) 


1.1 (3) 


1.2 (2) 


C/H Sidewalls @ 0.25 um 


Vertical (1) 


Vertical (1) 


Tiered (2) 


C/H Bottom @ 0.25 um 


Good (1) 


Foot (2) 


Undercut (3) 


C/H Top @ 0.25 jim 


Clear (1) 


Round (3) 


Round (2) 


Standing Waves 


Visible (1) 


Visible (1) 


Vsible (1) 


Surface After Development 


Smooth (1) 


Popcorn (2) 


Pcocorn (2) 



[0205] These results indicate the material of the present invention are superior in performance also in use as con- 
tact hole resist. 



Example 140 and Comparative Example 109: 

[0206] Monodisperse poly-(4-hydroxystyrene) (provided from Nippon Soda Corp.) was reacted with ethyl vinyl ether 
to prepare a copolymer. The copolymer had a molecular weight of 6,800 with 32% of the phenoiic hydroxy groups pro- 
tected. 

[0207] The following ingredients were mixed together to prepare two solutions of a posove-working chemically 
amplified radiation sensitive composition suitable for DUV (248 nm) exposure. 

9.8 g of the above polymer, 

1.2 g of a divinyl ether derivative prepared by the Williamson ether reaction cf 1 mol bisphencl A with 2 moles 2- 
chloroethyl vinyl ether, 

0.35 g (0.708 mmol) of triphenyl sulfonium 3,3,3,2,1,1-hexafluoropropane sulfonate (Example 140) or 

0.29 g (0.708 mmol) of triphenyl sulfonium triflouromethane sulfonate (Compa-atrve Example 109) or 

0.03 g of triphenyl sulfonium acetate, 

0.004 g of Megafac R-08 (tradename), and 

64.2 g of propylene glycol monomethyl ether acetate. 

[0208] The solutions thus obtained were filtered and spin coated on two silicon wafers each, which have been pre- 
coated with A2 KrF-2 (tradename), an antireflective coating provided by Clariant Japan K.K., at a film thickness of 60 
nm (bake conditions: 220°C/60 sec). The photoresist films were baked for 90 seconds at 1 15°C to yield a film thickness 
of 0.62 ± 0.01 urn. After exposure as described in Example 101 (NA = 0.55, a = 0.55) at a dose cf 29 mJ/cm 2 , the 
exposed wafers were baked at 1 20°C for 90 seconds and developed. 

[0209] The recording material of the present invention resolved lines and spaces down to 0.20 um with vertical 
sidewalls profiles. The material of the Comparative Example 109 showed a resolution limit at 0.2S pm and strong foot 
formation. A dissolution rate analysis revealed that the contrast of the comparative material was significantly degraded 
probably due to a crosslinking reaction of the divinyl ether derivative at the selected post exposure bake temperature. 

Example 141: 

[021 0] The following ingredients were mixed together to prepare a solution of positive-working chemically amplified 
radiation sensitive composition suitable for i-line (365 nm) exposure: 8.6 g of a copolymer (molecular weight 12,200) of 
3-methyl-4-hydroxystyrene and 4-hydroxystyrene (2 : 1), 

2.8 g of the poly-N.O-acetal described in Example 138, 
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0.45 g of 2-anthryl diphenyl sulfonium 3,3,3.2,1 ,1 -hexafluoropropane sulfonate, 
0.04 g of triphenyl sulfonium hydroxide, 
0.004 g of Meganac R-08 (tradename), and 
88.5 g of ethyl lactate. 

5 

BarVLrf J^ S ? UtiDn thUS ° btained W3S ,iltered a " d **" COated on 3 wafer Pracoated with a 1 60 nm thick film of AZ 
twCto?£^S 0 T e T l antire,,ective coatin 9 avai,a ^ from Clariant Japan K.K.. which haTbeen ta£ « 
200 C for 60 seconds. The photoresist was baked at 110-C for 60 seconds to give a film thickness of 850 nm^hi 

H UQU J ai 3 cose ot 56 mJ/cnr. After the exposure, the wafer was baked at 90°C fnr fin carnn^ ( ^ 

as described in Example 101. After water rinsing. tnTwafer was dried and o^^^ 

0.26 nm lines and space patterns free of scum and T-top formation. resolved 
Example 142: 

To 

£S!L A S0 ' Uti0n ° f 3 P° sitiv6 - workin 9 chemically amplified radiation sensitive composition suitable for VDUV f 193 
nm) exposure was prepared from the following ingredients: «*hhdw ror vuuv (193 

1 1 J1 9 , °! P^^^/^^^-^-^ethyl-a-adamantyl methacrylate-co-mevalonic lactone methacrylate) with 
a> a molecular weight of 8.000 and a polydisersity of 1 .82. meinacryiate; with 

0.31 g of bis-4-cyclohexylphenyl iodonium 3.3.3.2.1. 1 -hexafluoropropane sulfonate 

0.04 g of methyl diethanolamine, 

0.004 g of Mega'ac R-08 (tradename), and 

88.5 g of ethyl lactate. 

25 

[021 3] The solution thus obtained was filtered and spin coated on a wafer precoated with a 60 nm thick film of »n 
twiTeo ZSSt ^ antirefleCtiVS d6Ve, ° Ped by 

exoos^ thfouoh^ ™ J h 1 ? T W3S bSked 31 9 °° C f ° r 60 SeCOnds t0 9 ive a thickn ^ of 450 nm and 

30 2ES OM4 5 ,SlL *" d SP3Ce Pa !: ernS ?° Wn 10 ^ USin9 3 ,S ' ArF 6Xdmer ,3Ser with a NA - 0 60 
J™ m . ^ me ex P° sure - the wafer was baked at 1 10°C for 60 seconds and develooed with an 

aqueous developer AZ MIF 300 (tradename: available from Clariant Japan K.K.) containing 2 38% teSnvl ammo 
mum hydrox.de for 60 seconds at 23°C. The material resolved 0.14 M m lines and space pattern £J£Z^£E" 
mat.on. The interface between the antiref lective coating and the photoresist was free ofsSm " ^ 

35 Example 143: 

A S ° IUti0n ° f ne 9 ative " workin 9 chemically amplified radiation sensitive composition suitable for DUV (248 
nm) exposure was prepared from the following ingredients: UV (Z48 
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ioKicM 3 CC ^ 0,ym ! r of 4 -nydroxystyrene and styrene prepared by radical polymerization in the presence of 2 ^- 
^ 4 ^ imeth y |va,e ^) * Polymerization initiator, the copolymer having a molecuS weight 

SKiss: detsrmined by gpc usins po,ys * rene as * e — - a ~ 



2.0 g of distilled hexamethoxymethyl melamine, 
0.3 g of triphenyl sulfonium 3,3,3,2,1, 1 -hexafluoropropane sulfonate, 
0.02 g of tetrabutyl ammonium lactate, 
0.004 g of Megafac R-08 (tradename), and 
62.4 g of propylene glycol monomethyl ether acetate. 
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[0215] The solution thus obtained was filtered, spin coated onto a HMDS treated silicon wafer at 3 000 mm an rf 
baked on a hot plate at 1 15°C for 60 seconds. The resulting film thickness was 0 72 M m P ' 

c,.h 16 L< / n exposureas described in Example 101 followed at a dose of 28 mJ/cm 2 . The exposed material was then 
sub ected to a post exposure bake on a hot plate at 125*C for 90 seconds and developed 

[0217] The fine lines and spaces were resolved down to 0.20 urn. Isolated lines were resolved down to 0 ifi „m 
when a dose of 34 rnJ/cm* was applied. The depth-of-focus of the 0.16 M m lines was about C S * 
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[0218] A solution of negative-working chemically amplified radiation sensitive composition suitable for DUV (248 
nm) and e-beam exposure was prepared from the following ingredients: 

7.9 g of a copolymer of 4-hydroxystyrene and 4-methoxystyrene prepared by radical polymerization in the presence 

of 2,2'-azobis(isobutyronitrile) as a polymerization initiator, the copoylmer having a molecular weight of 9 600 and 

a polydispersity of 2.21 as determined by GPC using polystyrene as the standard and a monomer ratio of' 7 8-22 

as determined by 1 H-NMR, 

2.0 g of recrystallized tetramethoxymethyl glucoril, 

0.5 g of tetrabutoxymethyl glucoril, 

0.3 g of tris-(4-t-butyIphenyl) sulfonium 3,3,3,2,1,1 -hexafluoropropane sulfonate, 

0.02 g of tetramethyl ammonium hydroxide, 

0.004 g of Megafac R-08 (tradename), and 

62.4 g of propylene glycol monomethyl ether acetate. 

[0219] The solution thus obtained was filtered and spin coated onto two silicon wafers treated with an adhesion pro- 
moter (hexamethyl disilazane) at 3,000 rpm. After baking on a hot plate at 95°C for 60 seconds, a film thickness of 0.74 
± 0.2 jim was obtained. 

[0220] One wafer was subjected to an exposure through a mask with fine lines and space patterns down to 0 10 
jim using a Nikon NSR 2005 EX 10B KrF excimer laser stepper (NA = 0.55, a = 0.80) at a dose of 24 mJ/cm 2 . The other 
wafer was exposed with e-beam using the e-beam writer described in Example 108 at a dose of 14.3 uC/cm 2 The 
exposed materials then were subjected to a post exposure bake on a hot plate at 95°C for 90 seconds and developed. 
[0221] The excimer laser exposed material resolved fine lines and spaces down to 0.20 um. Isolated lines were 
resolved down to 0.15 nm when a dose of 31 mJ/cm 2 was applied. The depth-of-focus of the 0.15 pm lines was about 
0.90 urn. 

[0222] The e-beam exposed material yielded isolated lines with a linewidth below 0.10 um. 
Examples 146 and 147: 

[0223] A solution of a negative- working chemically amplified radiation sensitive composition suitable for DUV (248 
nm) and x-ray exposure was prepared from the following ingredients: 

5.9 g of a terpolymer of 4-hydroxystyrene, styrene and N-hydroxymethyl methacrylamide with a molecular weight 

of 1 1 ,500, a polydispersity of 1 .69, and a monomer ratio of 8 : 1 .8 : 0.2, 

1.5 g of recrystallized tetramethoxymethyl glucoril, 

0.5 g of 4,4 , -(1-methylethylidene)-bis-[2.6-bis-(hydroxymethyl)-phenol] 

0.3 g of di-(4-t-butylphenyl) iodonium 3,3,3, 2, 1,1 -hexafluoropropane sulfonate, 

0.02 g of tetramethyl ammonium hydroxide, 

0.004 g of Megafac R-08 (tradename), and 

62.4 g of propylene glycol monomethyl ether acetate. 

[0224J The solution thus obtained was filtered and spin coated onto two silicon wafers treated with an adhesion pro- 
moter (hexamethyl disilazane) at 3,000 rpm. After baking on a hot plate at 95°C for 60 seconds, a film thickness of 0.67 
± 0.02 um was obtained. 

[0225] One of the wafers was subjected to an exposure through a mask with fine lines and space patterns down to 
0.10 um using a Nikon NSR 2005 EX 10B KrF excimer laser stepper (NA = 0.55, a = 0.55) at a dose of 18 mJ/cm 2 The 
other wafer was exposed with x-rays as described in Example 1 10 at a dose of 52 mJ/cm 2 The exposed materials were 
then subjected to a post exposure bake on a hot plate at 95°C for 90 seconds and developed. 

[0226] The fine lines and spaces of the excimer laser exposed material were resolved down to 0.22 um. Isolated 
lines were resolved down to 0.1 8 um when a dose of 25 mJ/cm 2 was applied. The depth-of-fbcus of the 0.18 um lines 
was about 1 .25 um. 

[0227] The x-ray exposed material resolved dense lines and spaces down to 0.16 um while isolated lines were 
resolved down below 0.16 um. 

Example 148 and Comparative Example 110: 

[0228] Two negative-working chemically amplified radiation sensitive composition solutions suitable for i-line (365 
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nm) exposure were prepared from the following ingredients: 

7.2 g of a copolymer (molecular weight 15,000, glass transition temperature 145°C) of 3,5-dimethyM-hvdroxvstv 

rene and 4-hydroxystyrene (3 : 7), »yuiu*ysiy- 

2.0 g of distilled hexamethoxymethyl melamine, 

0.02 g of tetramethyl ammonium hydroxide, 

0.004 g of Megafac R-08 (tradename), and 

42.4 g of propylene glycol monomethyl ether acetate. 

[0229] To one of the base formulations, a solution of 0.35 g of (4-phenyl-thiophenyl) diphenyl sulfonium 3 3 3 2 1 1- 
hexafluoropropane sulfonate dissolved in 20 g of propylene glycol monomethyl ether acetate was added'(Example 

while to the other base formulation, 

0.35 g of (4-phenyl-thiophenyl) diphenyl sulfonium trifluoromethane sulfonate dissolved in 20 g of propylene glycol 
monomethyl ether acetate was added (Comparative Example 110). 

[0230] The solutions thus obtained were filtered and spin coated onto HMDS treated silicon wafers at 2 400 rpm 
After baking on a hot plate at 90°C for 60 seconds, both materials yielded a film thickness of 1 .06 ± 0 03 M m ' 
[0231 ] The wafers were subjected to an exposure through a mask with fine iines and space patterns down to 0 20 
urn using a N.kon NSR 1755i 7a i-line stepper at a dose of 82 mj/cm 2 . The exposed materials were then baked on a 
hot plate at 1 05°C for 90 seconds and developed. 

[0232] The material of the Example 145 resolved 0.28 urn lines and spaces patterns and the profile of the resist 
patterns were ideally rectangular. No whisker-like raised portions or scum were observed. The dose to Drint isolated 
lines with a width of 0.28 M m was found to be 91 mJ/cm 2 . "soiatea 
[0233] The material of the Comparative Example 1 10 also resolved 0.28 urn lines and spaces patterns However 
the top of the line patterns was rounded, and the bottom of the line patterns had an undercut structure combined with 
severe scum. The dose to print isolated lines with a width of 0.28 nm was found to be 95 mj/cm 2 and therefore this for- 
mulation was judged to be clearly inferior to that of the Example 1 45. 

Example 149 and Comparative Example 111: 

[0234] From Example 1 04. it is evident that the replacement of trif late based PAGs with the hexaf late based PAGs 
of the present invention yields radiation sensitive compositions with identical sensitivity and resolution capability. 
[0235] A quartz wafer (wafer 1 ) was coated with a solution containing a mixture of 

5.0 g of poly-(4-hydroxystyrene), and 

0.3 g of triphenyl sulfonium 3.3.3.2.1. 1 -hexafluoropropane sulfonate (Example 149. wafer 1) dissolved in 
50 g of propylene glycol monomethyl ether actetate and baked at 120°C for 60 seconds. 

[0236] A second quartz wafer (wafer 2) was coated with a solution containing a mixture of 

5.1 g poly-(4-hydroxystyrene). and 

0.3 g triphenyl sulfonium trif late (Comparative Example 111. wafer 2) dissolved in 
50 g propylene glycol monomethyl ether acetate and baked at 120°C for 60 seconds. 

[0237] In addition, two other quartz wafers (wafer 3 and wafer 4) were coated with a solution of 

5.0 g poly-(4-t-butyloxycarbonyloxystyrene) dissolved in 50 g propylene glycol monomethyl ether acetate 

and baked at 90°C for 90 seconds. Wafers 3 and 4 were subjected to a quantitative FIR spectrum analysis with respect 
to the intensity of the carbonyl bond. Then the film of wafer 3 was brought into intimate contact with the film of wafer 1 
and the film of wafer 4 with the film of wafer 2 each at a pressure of about 0.05kg/cm 2 . Both wafer pairs were subjected 
to a flood irradiation with DUV KrF excimer laser irradiation at a dose of 80 mj/cm 2 and baked at 90°C for 90 seconds 
with wafers 3 and 4 on the upper side. The wafers 3 and 4 were separated from wafers 1 and 2 and their FIR spectra 
were again recorded. After subtraction of the two spectra (before and after exposure/bake), ft became evident that 
47% of the t-butyloxycarbonyloxy groups of the polymer on wafer 4 had been cleaved into hydroxy groups by trifluor- 
omethanesulfonic acid produced during exposure and diffusing into the polymer during the post exposure bake while 
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only 14% of the t-butyloxycarbonyloxy groups of the polymer on wafer 3 had beer cleaved, indicating that the trifluor- 
omethane sulfonic acid produced from wafer 2 was much more volatile than the 3,3.3.2, 1.1-hexafluoropropanesulfonic 
acid produced from wafer 1 . From this experiment, it can be concluded that the amount of acidic, corrosive and volatile 
products which might cause destruction of the irradiation equipment and pose hazards to the health of the workers is 
significantly reduced, when triflate generating PAGs were replaced with the PAGs of the present invention. 

Example 150: 

[0238] The radiation sensitive composition of Example 141 was coated on a mechanically surface grained alumi- 
num foil and dried to a weight of about 1.2 g/m 2 . After imagewise exposure through a positive-working original with a 5 
kW metal halide light source for 23 seconds, the foil was heated at 100°C for 8 minutes in a convection oven The 
printed image was developed with a developer solution containing the following ingredients by a plush paddle method: 

5.0 g of sodium lauryl sulfate, 

1 .5 g of sodium metasilicate pentahydrate, 

1.6 g of trisodium phosphate dodecahydrate, and 
92.5 g of ion-exchanged water. 

[0239] The plate was then rinsed with pure water and dried. Step 6 of a silver-fiim continuous-ten e step having a 
density range from 0.05 to 3.05 and density increments of 0.15 was completely reproduced on the copy. Even the finest 
screens and lines of the original were clearly visible. The printing plate obtained in the manner described gave 32,000 
high quality impressions on a sheetfed offset printing machine. 

Example 151 and Comparative Example 112 

[0240] Monodisperse poly-4-hydroxystyrene (Nippon Soda Co.. Ltd.. Mw = abcut 9.000, polydispersity = 1 08) was 
reacted with ethylene vinyl ether in the presence of p-toluenesulfonic acid as a catalyst to prepare a copolymer of 4- 
hydroxystyrene and 4-(2-ethoxy)-ethoxystyrene. The copolymer had an average molecular weight of 10,500 as deter- 
mined by GPC using polystyrene as the standard. The molar ratio of 4-hydroxystyrene : 4-(2-ethoxy)-e'hoxystvrene was 
about 6.9 : 3.1 as measured by 1 H NMR. 

[0241] The following ingredients were mixed together to prepare two solutions of a positive-working chemically 
amplified radiation sensitive composition suitable for DUV (248 nm) exposure: 

9.8 g of the above copolymer, 

0.42 g of tris-4-t-butylphenyl sulfonium 3,3,3,2,1 ,1 -hexafluoropropane sulfonate (Example 51) or 

0.36 g of triphenyl sulfonium triflate (Comparative Example 112), 

0.03 g of triethanolamine, 

0.05 g of N.N-dimethylacetamide, 

0.004 g of Megafac R-08 (tradename), and 

64.2 g of propylene glycol monomethyl ether acetate. 

[0242] The solutions thus obtained were filtered and spin coated on silicon covered with a phcsphor-spin-on-glass 
(PSG) layer, which has been pretreated by a dehydration bake at 150°C, and baked on a hot plate at 95°C for 90 sec- 
onds to yield a thin layer having a thickness of about 0.65 Mm. The recording material was exposed as described in 
Example 101 (NA = 0.55. a = 0.71) using a mask with contact hole patterns down to 0.15 jim at a dose of 52 mJ/cm 2 
and baked for 90 seconds at 1 1 5°C. Next the material was developed as described in Example 101. 
[0243] SEM inspection revealed that the recording material of the present invention resolved 0.1 8 ^im contact holes 
at a duty ratio of 1 : 1 with a depth-of-focus (DOF) of about 1.40 jim. The side walls of the contact holes were vertical, 
and virtually no footing was observed at the resist/substrate interface. The comparative material resolved 0.20 nm con- 
tact holes with a depth-of-focus (DOF) of less than 0.8 ^m. 

Example 152 and Comparative Example 113 

[0244] The following ingredients were mixed together to prepare two solutions of a positive-working chemically 
amplified radiation sensitive composition suitable for DUV (248 nm) exposure: 

9.8 g of the above terpolymer (POLY 102), 

0.4 g of tris-(4-t-butylphenyl)sulfonium 3.3,3,2,1,1 -hexafluoropropane sulfonate (Example 152) or 



41 



EP 1 033 624 A1 



is 



0.35 g of triphenyl sulfonium trrflate (Comparative Example 113). 
0.03 g of triphenyl sulfonium acetate, 
0.004 g of Megafac R-08 (tradename), and 
64.2 g of propylene glycol monomethyl ether acetate. 

[0245] The solution thus obtained was filtered, spin-coated on a HMDS treated silicon water aw( ^ * n 
onds on a hot plate at 135>C to yield a thin layer having a thickness of abo!* Ofil . m th 1 ? ^ for6 ° S6C " 
exposed in the same manner as in Example 101. The do's wasS ZS^^ ^'fin * S2S ™\ Si"" 
were provided. The film was then baked at 135°C for 90 seconds. For bo* the materials sil^LT^ ■ ^ 
descnbed in Example 101 yielded resolved line and space patterns below 0 2 *2 TiEMr^^Z ^^T ^ 
of the present invention, the linewidth of isolated and Sense lines was als eS ITl^o to^X- * 
hgible, whereas, for the comparative material, a large iso to dense bias SJSn hell ? ^ WaS ne9 ~ 

ST 2 inVenfi0a iSO ' a,ed ,in6S W6re frSe fr ° m drOP ° UtS ° f » a « 

hand, for the compare material, there were dropouts of isolated lines of less than 0.14 M m fram the Tubstrl 
Synthesis Example 201 : 

Preparation of diphenyl 4-t-butylphenyl sulfonium nonafluorobutane sulfonate (PAG 201) 

rjcC^ 

[0248] 39.93 g (0 1 mol) of diphenyl 4-t-butylphenyl sulfonium bromide was dissolved in about 50 ml of mpfhinn. 

m£m ^ W3S P3SSed thf0U9h the COlumn by elution with mefhan °' a » a rate of 30 mJhour 

iu«3j The eluate was monitored using a potentiometer and occasionally tested for the ahrconro n t h, w • 

oTl? HCi* ThTS Next the concentration of the hydroxy! group was det^ SJ 

3 , SiSS^t^K ess"* su,fonium hydroxide was about 1 oo% - The so,ution w - * * 

mmoftof ni^!L Strrin9 ;, t0 ^° 9 (5 ° mm0l) ° f thS diphenyl ^-^yphenyl hydroxide was added dropwise 15 01 q (so 
mmol) o d.st.lled nonafluorobutane sulfonic acid diluted with 50 ml of methanol at room temperature The mfxtu J It c 
s^red at room temperature for 24 hours. The solvent was removed by evaporation The oiU30 9 a faboJ? loot f C 

« S55T "Tnr^^ t0 ^ ^ d, ' Phenyl ^rlur, nonaf .uorc^ane Sfonate ^ *"* 

3= [0251] The purity was measured by HPLC and found to be > 99%. 

1 H-NMR (CDCI 3 ): 1.44 (s. 9H. 4-t-butyl), 7.62 - 7.71 (m. 14H, aromatic) ppm. 
Synthesis Example 202: 

Preparation of triphenyl surfonium nonafluorobutane sulfonate (PAG 202) 

E „ V 03 9 ( ^ 45 m0 ' ) ° f diphenyl SU ' f0xide was dis *^ed in 1300 ml of benzene in a 2-liter three-neck round 
was 'SSS "tol^^ 3 T 3 th6rm0meter ' a *«™ « condenser, and a nitrogen Vn et TnSe 

mon^f n^i°. i I porous stmng. A solution of 189.0 g (0.90 mol) of trifluoroacetic anhydride and 135 1 g (0 45 
coo no TS££^2T"£? T ^ dr ° PW,Se ^ wNh 4,16 ^^rature was maintained undince 

Slv ho«om r rK andin9 ° Vemi9ht - S6parate phaS9S WSre formed - 7119 "PP er P hase w as removed and discarded 
aZSL f 1 aPPrOX ' mate,y 500 ml vo,ume was ^PP* in *° 2000 ml of diethyl ether, upon which a semt 

S ometT ^ ^ Sther ^ d6Canted ' 3nd thS PreCipitatS WaS diSSO,ved in a mfr^rm amouTof 
n 2 ^° *J a ™* SOlUt, ° n W3S add6d dr0pwise to 1000 ml of porously stirred diethyl ether to reprecioitate the 

ethlr « 'nir P ' eti0n ° f additi0n - S,irri " 9 W3S oontad for 2 hours - * fter the "W CSZ dS 
ether, th is procedure was repeated once more to enhance the crystallinity of the product. The mixture was f itteTed «2 

[0254] Depending on the purity, the crystals can be either recrystallized from ethyl acetate or dissolved in the min 
-mum amount of dichtoromethane and purified by column chromatography on silica gel using a 95 SSan, 
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methanol mixture to perform purification. The first fractions containing unreacted dipheny! sulfoxide were discarded. 
After collection of the main fractions, the solvent was evaporated to leave 139.1 g (yield 58.7%) of triphenyl nonafluor- 
obutane sulfonate as white crystals (m.p. 83 - 85.5°C). 

5 1 H-NMR (CDCI 3 ): 6 = 7.71 - 7.83 (m, 15H) ppm. 

[0255] The purity was determined by HPLC analysis and found to be > 97%. 

Synthesis Example 203: 

10 

Preparation of tris-(4-t-butylphenyl) sulfonium nonafluorobutane sulfonate (PAG 203): 

[0256] 48.18 g (0.15 mol) of bis-(4-t-butylphenyl) sulfoxide (prepared from dipheny! sulfide and t-butyl bromide via 
FeCI 3 catalyzed alkylation and subsequent oxidation with 2-chlorobenzoic acid) was dissolved in 400 ml of 4-t-butylben- 
15 zene in a 1 -liter three-neck round-bottom flask equipped with a stirrer, a thermometer, a dropping funnel, a condenser 
and a nitrogen inlet. 

[0257] The mixture was cooled to 4°C with vigorous stirring. A solution of 63.0g (0.30 mol) of trifluoroacetic anhy- 
dride and 45.0 g (0.15 mol) of nonafluorobutane sulfonic acid was added dropwise thereto, while the temperature was 
maintained under ice cooling. After completion of the addition, the mixture was stirred for 1 hour. 

20 [0258] The temperature was returned to room temperature, followed by stirring for additional 1 5 hours. After stand- 
ing overnight, two separate phases were formed. The upper phase was removed and discarded. The oily bottom phase 
of approximately 150 ml volume was diluted with 800 ml of diethyl ether, and washed twice with water and a sodium 
bicarbonate solution. The organic phase was dried over MgS0 4 . After removal of the solvent, a semicrystalline solid 
was obtained. The semicrystalline solid was recrystallized from diethyl ether. Thus. 66. 1 g (60.2%) of white crystals of 

25 tris-(4-t-butylphenyl) sulfonium nonafluorobutane sulfonate (m.p. 198 - 200°C) was obtained. 

1 H-NMR (CDC! 3 ):8 = 1.36 (s. 27H). 7.81 - 7.88 (d. 12H) ppm. 
[0259] The purity was determined by HPLC analysis and found to be > 97%. 

30 

Synthesis Examples 204 to 208: 

[0260] The following sulfonium salts were synthesized in substantially the same manner as in the above synthesis 
examples. 

35 

Tris-(4-methylphenyl) sulfonium nonafluorobutane sulfonate (PAG 204): 
1 H-NMR (CDCl 3 ):6 = 2.42 (s, 9H), 7.37 - 7.47 (d, 12H) ppm. 

40 

The purity was determined by HPLC analysis and found to be > 97%. 
4-Methylphenyl-diphenyl sulfonium nonafluorobutane sulfonate (PAG 205): 

1 H-NMR (CDCI 3 ):6 = 2.45 (s. 3H), 7.40 - 7.55 (d, 14H) ppm. 

45 

The purity was determined by HPLC analysis and found to be > 97%. 
Bis-(4-methylphenyI)phenyl sulfonium nonafluorobutane sulfonate (PAG 206) 

50 1 H-NMR (CDCI 3 ):5 = 2.43 (s, 6H), 7.43 - 7.53 (d. 13H) ppm. 



The purity was determined by HPLC analysis and found to be > 97%. 
Bis-(4-t-buty1phenyl)-phenyl sulfonium nonafluorobutane sulfonate (PAG 207) 

55 

1 H-NMR (CDCI 3 ):5 = 1.48 (s, 18H), 7.67 - 8.12 (m, 13H) ppm. 
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The purity was determined by HPLC analysis and found to be > 97%. 
4-Cyclohexylphenyl-diphenyl sulfonium nonafluorobutane sulfonate (PAG 208) 

1 H-NMR (CDCI 3 ): 8 = 1.53 - 2.45 (m, 11H), 7.42 - 8.01 (m .14H) ppm. 

The purity was determined by HPLC analysis and found to be > 97%. 
Synthesis Example 209: 

Preparation of tris-(4-butoxyphenyl) suffonium nonafluorobutane sulfonate (PAG 209) 
[0261] To a stirred solution of 60.0 g(0. 164 mol) of bis-(4-t-butoxyphenyl) sulfoxide in Ms.m^^ * 

mwtf to 5-0. Mowed ty sfciog fa, aoUUiona! 20 roioolos. A Gnjnart mk^tSgSSZi 

[0262] The mixture was stirred for 2 hours at this temperature. Then water was add°d to Hp mmn « a 

2?Sl3yi and the inor9anic sa,ts were removed by ,iltration - The ^JiS SrSEESS X 6o e S 

and extracted with a m,xture of 1200 ml of dichloromethane. 600 g of a saturated aqueous solution of™ „ 
Synthesis Example 210: 

Preparation of tris-(4.t-butoxycarbonylmethoxyphenyl) sulfonium nonafluorobutane sulfonate (PAG 210) 

S ^.w 801 ^? ° f t 2 2 9 ( ° 08 m °° * fr'^-butoxyphenyO sulfonium nonafluorobutane sulfonate and 2 40 a 
(0.008 mol) of nonafluorobutane sulfonic acid in 200 ml of ethanol was refluxed for 8 hour* with „ I« 9 
tfonofthe solvent, the crude product of tris^-hydroxyphenyi) sulfoniS 

was dissolved in 160 g of N.N-dimethylformamide and reacted with 55 4 q (0 40 moH of anSi™ « Zt ? } 

" mfof ? 0 3 9 } 0A0 ^ ° f Ch,0r0aCetat6 31 8000 for 3 h ° urs ^ ^^^SS^^^ 
£££ ^r 3 ^ dichloromethane - o^ic phase was washed with water aSdr^e Sv^ w2 

Synthesis Example 21 1 : 

^ Preparation of p-oxocyclohexyl 2-norbornylmethyl sulfonium nonafluorobutane sulfonate (PAG 21 1) 

5flw J^T™*\ 14U 9 (ai0 l m ° ,) °' 2 - chloroc y clone ^e in 100 ml of ethanol was added dropwise 50 m, 
2 ho ^ Ut '° n * metn y , mercaptane sod.um salt The mixture was stirred for 3 hours. Then 600 ml water was adfed 
5£^£J? T ta ?" d ^ dich,oromethane - ™ e Ph— was dried, and the solvent was InoZ to 

so Em iSX? heXy * h m f WWCh PUrffi6d by diSti " ati0n < b "P- 45 ' 47 °C/0.3 mmHg). 

mmol) of 2-bromonorbornane and stirred at room temperature for 1 hour. 9 ( 

[0266] After that, a solution of 2.28 g (15.6 mmol) of silver nonafluorobutane sulfonate dissolved in 400 ml of 
ni^methane was added dropwise to the reaction mixture and stirred for three hours at room ££2 re The sle 
bromrie was removed by filtration. The filtrate was concentrated to 50 ml. and then added dtamtota nam hLh! 

« ether The precipitated solid was collected, washed with ether and «*mE5!^2E 5252 o 22? 
cyclohexyl 2-norbornyl methyl sulfonium nonafluorobutane sulfonate was 1 .88 g. * B 

1 H-NMR (CDCI 3 ): 8 = 1.33 - 2.28 (m. 16H). 2.30 - 3.10 (m. 5H). 4.95 - 5.53 ppm (2m. 2H). 
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Preparation of bis-(4-cyclohexylphenyl) iodonium nonafluorobutane sulfonate (PAG 212) 

[0267] A 500 ml three-neck round bottom flask equipped with a stirrer, a thermometer, a dropping funnel a con- 
denser, and a nitrogen inlet was charged with 43 g (0.20 mol) of potassium iodate, 69.2 g (0.43 mol) of cyclohexylben- 
zene and 43 ml acetic anhydride. 

[0268] The mixture was cooled to -5°C. A mixture of 43 ml of acetic anhydride and 30.1 ml concentrated sulfuric 
acid was added dropwise thereto with vigorous stirring. During the addition, the reaction temperature was kept below 
5°C. After the end of the addition, the temperature of the reaction solution was returned to room temperature over a 
period of 2 to 3 hours. The resulting mixture was left for 48 hours and cooled to 5°C. 100 g of a 1 : 1 ice/water mixture 
was added with stirring. During this operation, the temperature of the reaction solution was kept below 10°C. Precipi- 
tated crystals of potassium salts were removed by filtration, and the precipitates were extracted twice with petroleum 
ether. To the remaining aqueous solution was added dropwise 45 g of ammonium bromide dissolved in 100 ml water 
with stirring. The precipitate of bis-(4-cyclohexy!benzene)iodonium bromide was isolated by filtration, washed, and 
dried. 

[0269] 15.26 g (28.5 mmol) of the bromide was dissolved in 100 ml of dichloromethane and 10.3 g (34.2 mmol) of 
nonafluorobutane sulfonic acid was added. The mixture was stirred at reflux for 6 hours. Hydrogen bromide evolved. 
After cooling, the reaction mixture was washed twice with a 2.5% aqueous solution of tetramethyl ammonium hydroxide 
and then dried. The solvent was then removed. The yellowish residue was recrystallized from an isopropanol/isopropyl 
ether mixture to give 1 2.2 g (63 %) of bis-(4-cyclohexylphenyl) iodonium nonafluorobutane sulfonate. 

1 H-NMR (CDCI 3 ):5 =1.12-1.75 (m, 22H), 7.23 - 7.90 (d, 8H) ppm. 

[0270] The purity was determined by HPLC analysis and found to be > 97%. 

Synthesis Examples 213 - 215: 

[0271] The following iodonium salts were synthesized in substantially the same manner as in the above synthesis 
examples. 

Diphenyl iodonium nonafluorobutane sulfonate (PAG 213) 
1 H-NMR (CDCI 3 ):6 = 7.20 - 7.35 (m, 10H) ppm. 

The purity was determined by HPLC analysis and found to be > 97%. 
Bis-(4-methylphenyl) iodonium nonafluorobutane sulfonate (PAG 214) 

1 H-NMR (CDCI 3 ):6 = 2.25 (s, 6H), 7.20 - 7.58 (d. 8H) ppm. 

The purity was determined by HPLC analysis and found to be > 97%. 
Bis-(4-t-butylphenyl) iodonium nonafluorobutane sulfonate (PAG 215) 

1 H-NMR (CDCI 3 ):6 = 1.48 (s, 18H), 7.35 - 7.49 (d, 8H) ppm. 

The purity was determined by HPLC analysis and found to be > 97%. 
Synthesis Example 216: 

Preparation of 4-methylphenyi phenyl iodonium nonafluorobutane sulfonate (PAG 216) 

[0272] To a stirred suspension of 4.40 g (20 mmol) of iodosylbenzene in 100 ml of dichloromethane was added 
dropwise 6.0 g (20 mmol) of nonafluorobutane sulfonic acid at 0°C under exdusion of moisture. The mixture was stirred 
at room temperature for 2 hours. 

[0273] The temperature was returned to 0°C again. 1.84 g (20 mmol) of toluene was added dropwise. After the 
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'H-NMR (CDCI 3 ):S = 2.25 (s. 3H), 7.18 - 7.58 (m, 9H) ppm. 
[0275] The purity wss determined by HPLC analysis and found to be > 97%. 
io Example 201: 

[0276] A copolymer of 4-hydroxystyrene and 4-t-butyloxycarbonvlstvrenp urac nr^o,^ 

po.y-4-hydroxystyrene with di-t-butylcarbonate. The ccpolyme?^^^ 

1.18 as determined by GPC using polystyrene as the standard. The molar raS SS^SSS 
h onylstyrene was 7 : 3 as concluded from inspection of the 'H NMR spectrum (POLY 2 £° XyStyrene " 4 1 b ^/carb- 

Sdiatio^^ 

9.8 g of the above copolymer, 
20 0.3 g of tris(4-t-buty!phsnyl) sulfonium nonafiuorobutane sulfonate, 
0.02 g of tetramethyl ammonium hydroxide, 
0.004 g of Megafac R-08 (tradename), and 
64.2 g of propylene glycol monomethyi ether acetate. 

[0279] The recording rraterial thus obtained was imagewise exposed usinq a mask Drovidinr, linoc an H 
so erns d own to 0.10 m per image with a DUV stepper Nikon NSR So5 EX "U tZSjTSS SSSSSK 

ferln «T 9 hTT 6 f nd 3 C ° herenCe fad0r of 0 55 with a dose of 22 ^cm2. The mate™ was Etad at 525 
for 90 seconds to develop the latent image, and then processed at 23°C by puddle development wrth/tf an SS/Ui 

Spin" ^ d?/S ' 0Per COntain,n9 2 38% by W6i9ht ° f -^XrSeS^ 
35 [0280] A defect-free image of the mask with high edge stability was obtained stmrti iroc ,no; • 
MM* to detail and tte wdth ratio (,inear*y of the'esis? of nomin'a..^^ 

start «i the range between 1 .00 „m and 0.25 „m. In 250 nm image, the difference inlinewidth bSi^S^Sl^ 
-solated hnes was not more than 5 nm. and the dense/iso bias was very sma.1. The mM^£^!lS^S^ and 
very smooth, as neither line edge roughness nor standing waves were observed 3nd 
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In,! L o o ? c 0P0'^e"za6on of 4-acetoxystyrene. styrene and t-butylmethacrylate was carried out in the ores- 
ence of ^-azo-b.s-.sobutyronitrile as a polymerization initiator, followed by hydrolysis of theTceSe arour^Tthl 
copolymer wrth an aqueous ammonium acetate solution to prepare a terpolym^ of thydroxysSen^ stv^S ll^f 
butyl me.hacry.ate. The terpolymer had a molecu.ar weight of 14.200 Z a'po^spensVoTfS 

9.8 g of the above copolymer, 

0.3 g of bis-(4-t-butylphenyl) iodonium nonafiuorobutane sulfonate, 
0.03 g of triphenyl sulfonium acetate, 
55 0.004 g of Megafac R-08 (tradename), and 

64.2 g of propylene glycol monomethyi ether acetate. 

[0283] The solution thus obtained was filtered, spin-coated on a HMDS treated silicon wafer and baked for 60 sec- 
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onds on a hot plate at 1 30°C to yield a film thickness of 0.82 |im. The recording material was exposed in the same man- 
ner as in Example 201 . The dose was 30 mJ/cm 2 . The film was then baked at 130 3 C for 90 seconds. 
[0284] Subsequent development as described in Example 201 resolved line and space patterns below 0 22 jim 
From scanning electron microscope (SEM) inspection, it was concluded that the linewidth of isolated and dense lines 
was almost equal, i.e. the dense to iso bias was negligible. Isolated line patterns were resolved down to 0.14 jim. 

Example 203 and Comparative Examples 201 and 202: 

[0285] Radical polymerization of 4-t-butyloxystyrene was carried out in the presence of 2,2-azo-bis-isobutyronitrile 
as a polymerization initiator, followed by partial hydrolysis of the t-buty!oxy groups with a concentrated aqueous hydro- 
gen chloride solution to prepare 4-hydroxystyrene with 12% of the t-butyloxy groups being left intact This copolymer 
was then reacted with ethyl vinyl ether in the presence of p-toluenesulfonic acid as a catalyst to prepare a terpolymer 
of 4-hydroxystyrene, 4-(1-ethoxyethoxy)styrene and 4-t-butoxystyrene. The terpolymer thus obtained had a molecular 
weight of 23,400 with a polydispersity of 2.14 as determined by GPC using polystyrene as the standard, and the molar 
ratio of 4-hydroxystyrene : styrene : t-butyl methacrylate was 6.7 : 2.2 : 1 .1 as measured by 1 H NMR (POLY 203). 
[0286] The following ingredients were mixed together to prepare solutions of a positive-working chemically ampli- 
fied radiation sensitive composition suitable for DUV (248 nm) exposure: 

9.8 g of the above copolymer, 

0.3 g (0.41 mmol) of tris-(4-t-butylphenyl)sulfonium nonafluorobutane sulfonate (Example 203), 

0.02 g of triphenyl sulfonium acetate, 

0.05 g of 9-anthramethyl acetate (DUV absorber), 

0.004 g of Megafac R-08 (tradename), and 

64.2 g of propylene glycol monomethyl ether acetate. 

[0287] For comparison, positive-working chemically amplified radiation sensitive composition solutions were pre- 
pared in the same manner as described just above, except that 0.27 g (0.41 mmol) of tris-(4-t-butylphenyl)sulfonium 
camphor sulfonate (Comparative Example 201) or 0.24 g (0.41 mmol) of tris-(4-t-butylphenyl)sulfonium phenylsulfo- 
nium trifluoromethane sulfonate (Comparative Example 202) was used instead of 0.3 g (0.41 mmol) of tris-(4-t-butyl- 
phenyl)sulfonium nonafluorobutane sulfonate. 

[0288] The solutions were filtered, and spin-coated on three silicon wafers, which have been precoated with an 
experimental antireflective coating provided by Clariant Japan K.K. at a film thickness of 60 nm (bake temperature: 
220°C). The resist films were baked for 60 seconds on a hot plate at S0°C to yield a film thickness of 0.75 ± 0.02 urn. 
[0289] The recording materials were exposed as described in Example 201 (NA = 0.50, a » 0.50) and then baked 
at 105°C for 60 seconds. Development was done as described in Example 201 . The results were as follows. 



Table 201 





Example 203 


Comparative Example 201 


Comparative Example 202 


Dose (mj/cm 2 ) 


22(1) 


31 (3) 


22(1) 


Dense Line Resolution 
(^m) 


0.17(1) 


0.26 (3) 


0.18(1) 


Isolated Line Resolution 
(pm) 


0.15(1) 


0.19(2) 


0.20 (3) 


Dense Line DOF @ 0.22 
>im (fim) 


1.4 (1) 


0.0 (3) 


1.1 (2) 


Isolated Line DOF @ 0.22 
jim (jim) 


1-0(1) 


0.6 (3) 


0.7 - 0.8 (2) 
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Table 201 (continued) 



Example 203 



Comparative Example 201 



Comparative Example 202 



Dense/iso bias @ 0.22 u.m 
Remarks: 



9(1) 



Na (3) 



27(2) 



10 



75 



In the table, rating was added in parenthesis (1) = best, (2) = intermediate, (3) = poor. 
The dose is defined as the exposure energy to delineate equal lines and spaces of 0.22 u/n pattern width 
The dense line resolution is defined as the smallest equal lines and spaces patterns fully reproduced at that dose 
The isolated line resolution is defined as the smallest isolated line pattern without top film loss of the line at that dos< 
The dense line DOF is defined as the depth of focus of equal lines and spaces at that dose. 
The isolated line DOF is defined as the depth of focus of isolated lines at that dose. 
The dense/iso bias is defined as the linewidth difference between dense lines and isolated lines at that dose 
These results clearly demonstrate that the material using the resist material of the present invention has the best lith- 
ographic performance among these three samples. 
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Example 204 and Comparative Examples 203 and 204: 

[0290] Monodisperse poly-4-hydroxystyrene (Nippon Soda Co., Ltd., Mw = 12.000, polydispersity - 1 16) was 
reacted with 2-chloroethyl vinyl ether in the presence of p-toluenesulfonic acid as a catalyst to prepare a copolymer of 
4-hydroxystyrene and 4-(l-(2-chloroethoxy)ethoxy)styrene. The copolymer had a molecular weight of 13 700 with a 
polydispers.ty of 1 .21 as determined by GPC using polystyrene as the standard, and the monomer ratio of 4-hydroxy- 
styrene : 4-(1-(2-ch!oroethoxy)ethoxy)styrene was 7.1 : 2.9 as measured by 1 H NMR (POLY 204). 
[0291] The following ingredients were mixed together to prepare three solutions of a positive-working chemically 
amplified radiation sensitive composition suitable for DUV (248 nm) exposure: 



9.8 g of the above copolymer, 

0.25 g of tris-(4-t-buty!phenyl) sulfonium nonafluorobutane sulfonate (Example 204), 
30 0.03 g of triphenyl sulfonium acetate, 

0.004 g of Megafac R-08 (tradename), and 

64.2 g of propylene glycol monomethyl ether acetate. 



[0292] For comparison, positive-working chemically amplified radiation sensitive composition solutions were pre- 
pared in the same manner as described just above, except that 0.25 g of tris-(4-t-butylphenyl)sulfonium trrflate (Com- 
parative Example 203) or 0.25 g of tris-(4-t-butylphenyl)sulfonium propane sulfonate (Comparative Example 204) was 
used instead of 0.25 g of tris-(4-t-butylphenyl) sulfonium nonafluorobutane sulfonate. 

[0293] The solutions were filtered, spin coated on two HMDS treated silicon wafers each (total 6 wafers) baked for 
90 seconds on a hot plate at 1 10°C to yield a layer having a thickness of 0.75 ± 0.02 nm. The recording material was 
exposed as described in Example 201 (NA = 0.55, a = 0.55). The dose was as indicated in Table 202. While cne of each 
wafer was placed immediately on a hot plate and baked for 90 seconds at 75°C (Test A), the second wafers were stored 
in the clean room for 60 minutes and then baked under the same conditions (Test B). Next, these wafers were devel- 
oped as described in Example 201 . The results are compiled in Table 202. " 
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Table 202 



Test A 


Example 204 


Comparative Example 203 


Comparative Example 204 


Dose (mJ/cm 2 ) 


24 (2) 


j 22(1) 


37 (3) 


Dense Line Resolution 
(■am) 


0.17(1) 


0.17(1) 


0.21 (2) 


Isolated Line Resolution 
(•im) 


0.15(1) 


0.15(1) 


0.19 (2) 
** *** \ j 


Dense Line DOF @ 0.22 
jim (*im) 


1.4-1.5(1) 


1.1(2) 


1.1(2) 


Isolated Line DOF @ 0.22 
jam (nm) 


10 (1) 


0.6 (3) 


0.7-0.8(2) | 


Dense/iso bias @ 0.22 M m 
(nm) 


17(1) 


30 (3) 


27 (2) 


T-top 


None (1) 


None(1) 


None (1) 




Test B (after one hour) 


Example 204 


Comparative Example 203 


Comparative Example 204 


Dose (mJ/cm 2 ) 


24(1) 


23 (2) 


34 (3) 


Dense Line Resolution 
(nm) 


0.17(1) 


0.18(2) 


0.22 (3) 


Isolated Line Resolution 
(■am) 


0.15(1) 


0.16 (2) 


0.21 (3) 


Dense Line DOF @ 0.22 
J^n (Mm) 


1.4-1.5(1) 


0.9(2) 


0.6 (3) 


Isolated Line DOF @ 0.22 
jim (^m) 


10 (1) 


0-4(3) 


0.6 (2) 


Dense/iso bias @ 0.22 nm 
(nm) 


15(1) 


37 (3) 


32 (2) 


T-top 


None(1) 


Yes, slight 


Yes, medium 


Remarks: 

The definition of the test items is the same as given in Example 203. T-top indicates formation of an insoluble phase 
on top of the resist. 

These results demonstrate superior performance of the resist material of the present invention (Test A) and superi- 
ority in dimensional stability upon delay time changes (Test B). 



Example 205: 



[0294] Monodisperse poly-4-hydroxystyrene (manufactured by Nippon Soda Co., Ltd., Mw = 2,000, polydispersity 
= 1.16) was reacted with dihydropyran and a minor amount of a, o-triethylene glycol diviny! ether in the presence of p- 
toluenesulfonic acid to prepare a copolymer cf 4-hydroxystyrene and 4-tetrahydropyranyloxystyrene partially 
crosslinked by a, a>-triethylene glycol divinyl ether. The copolymer had an average molecular weight of 7,500 with an 
essentially trimodal molecular weight distribution at about 2.300, 4,600 and 7,000 and a minor amount of higher 
crosslinked parts as determined by GPC with polystyrene as the standard, and the monomer ratio of 4-hydroxystyrene: 
4-tetrahydropyranyloxystyrene was roughly 6.9 : 3.1 as measured by 1 H NMR (POLY 205). 

[0295] The following ingredients were mixed together to prepare a solution of a positive-working chemically ampli- 
fied radiation sensitive composition suitable for DUV (248 nm) exposure: 

9.8 g of the above copolymer, 

0.42 g of t-butyloxycarbonylphenyl diphenyl surronium nonafluorobutane sulfonate, 
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0.03 g of tri-n-octylamine, 
0.05 g of N,N-dimethylacetamide, 
0.004 g of Megafac R-08 (tradename), and 
64.2 g of propylene glycol monomethyi ether acetate. 

[0296] The solution was filtered, spin coated on a silicon wafer covered with a phosphor-spin-on-g!ass layer which 
has been pretreated bake at 1 50°C, and baked for 90 seconds on a hot plate at 1 15°C to yield a layer having a thickness 
of 0.65 urn. The recording material was exposed as described in Example 201 (NA = 0.55, a = 0 71) using a mask with 
contact hole patterns down to 0.15 ^im at a dose of 62 mJ/cm 2 and baked for 90 seconds at 120°C Next the material 
was developed as described in Example 201 . 
[0297] Scanning electron microscope (SEM) inspection revealed that the recording material resolved 0 1 9 am con- 
tact holes at a duty ratio of 1 : 1 with a usable depth-of-focus (DOF) of about 0.7 urn. The sidewalls of the contact holes 
were vertically, and virtually no footing was observed at the resist/substrate interface. 

75 Example 206: 

[0298] Monodisperse poly-4-hydroxystyrene (manufactured by Nippon Soda Co., Ltd., Mw = 8.000, polydispersity 
= 1 .09) was reacted with ethyl vinyl ether in the presence of p-toluenesulfonic add as a catalyst to prepare a copolymer 
The copolymer was reacted with di-t-butyicarbonate in the presence of triethylamine to prepare a terpolymer of 4- 
20 hydroxystyrene, 4-(l-ethoxyethoxystyrene) and 4-(t-butyloxycarbonyloxystyrene). The terpolymer had an average 
molecular weight of 10,200 with a polydispersrty of 1.13 as determined by GPC using polystyrene as the standard and 
the monomer ratio of 4-hydroxystyrene: 4-(1-ethoxyethoxy)styrene : 4-t-butyloxycarbonyloxystyrene was 6 5 • 3 8 • 0 7 
as measured by 1 H NMR (POLY 206). 

[0299] The following ingredients were mixed together to prepare a solution of a positive-working chemically ampli- 
23 fied radiation sensitive composition suitable for DUV (248 nm) exposure: 

9.8 g of the above terpolymer, 

0.35 g of bis-(4-cyclohexy!phenyl) phenyl sulfonium nonafluorobutane sulfonate, 
0.02 g of tetrabutyl ammonium hydroxide. 
30 0.02 g of N.N-dicyclohexylamine, 

0.004 g of Megafac R-08 (tradename), and 
64.2 g of ethyl lactate. 
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[0300] The solution thus obtained was filtered, spin-coated on a HMDS treated silicon wafer and baked for 90 sec- 
onds on a hot plate at 100°C to yield a layer having a thickness of 0.55 |im. The recording material was exposed as 
described in Example 201 (NA = 0.55, a = 0.71) using a mask with contact hole patterns down to 0.15 urn at a dose of 
55 mJ/cnr and baked for 90 seconds at 120 a C. 

[0301 ] Next the material was developed as described in Example 20 1 . 

l0Z ° 2] _2 Exposure was Permed as described in Example 201 using NA = 0.50 and a a-vaJue = 0.60 at a dose of 
26 mJ/cm 2 . The material was baked for 90 seconds at 105°C, and developed with the surfactant-free developer of 
Example 201 for 60 seconds at 23°C followed by water rinsing. 

[0303] The material resolved dense lines and spaces patterns down to 0. 1 8 um and isolated lines down to 0 1 4 urn 
The pattern shape was rectangular and no standing waves were observed. The DOF of the isolated patterns was larqer 
than 1 .0 jim for 0. 1 8 ^m features. 

Examples 207 and 208: 

[0304] Radical copolymerization of 4-acetoxystyrene with 4-t-butylacrytate was carried out in the presence of 2,2'- 
a2obis-(4-dimethoxy-2,4-dimethylvaleronitrile) as a polymerization initiator, followed by hydrolysis of the acetate groups 
with an aqueous ammonium acetate solution. A part of the hydroxy groups in the copolymer thus obtained were reacted 
with ethyl vinyl ether in the presence of p-tduenesulfbnic acid as a catalyst to prepare a terpolymer of 4-hydroxystyrene 
4-(1-ethoxyethoxystyrene) and 4-t-butylacryIate. The terpolymer had an average molecular weight of 8,700 with a poly- 
dispersrty of 1 .71 as determined by GPC using polystyrene as the standard, and the molar ratio of 4-hydroxystyrene * 
4-(1 -ethoxyethoxy)styrene : 4-t-butylacrylate was 7. 1 : 1 .8 : 1 .1 as measured by 1 H NMR (POLY 207). 
[0305] The following ingredients were mixed together to prepare a solution of a positive-working chemically ampli- 
fied radiation sensitive composition suitable for DUV (248 nm) and e-beam exposure: 

9.8 g of the above terpolymer, 
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0.28 g of bis-(4-cyclohexylphenyl) iodonium nonafluorobutane sulfonate, 

0.03 g of triphenyl sulfonium hydroxide, 

0.004 g of Megafac R-08 (tradename), and 

64.2 g of propylene glycol monomethyl ether acetate. 

[0306] The solution was filtered, spin-coated on two HMDS treated silicon wafers and baked on a hot plate for 90 
seconds at 1 10°C to yield a layer having a thickness of 0.53 jim. One of the recording materials was exposed with exci- 
mer laser radiation provided by a Nikon NSR 2005 EX 10B stepper with an NA = 0.55 and a coherence factor a = 0 80 
using a mask with lines and spaces patterns down to 0.10 *im at a dose of 22 mJ/cm 2 . The other recording material 
was pattern-wise exposed with e-beam radiation provided from a JEOL JBXX 5DII operating at 50 keV with a spot size 
of 1 0 nm (no proximity correction) at a dose of 1 6.2 uC/cm 2 . The exposed wafers were placed on a hot plate and baked 
for 90 seconds at 120°C. The materials were then developed with A2® MIF 300, a surfactant free developer containing 
2.38% by weight of tetramethyl ammonium hydroxide provided by Clariant Japan K.K. for 60 seconds at 23°C followed 
by pure water rinsing. 

[0307] The excimer laser exposed material resolved dense lines and spaces patterns down to 0. 1 8 urn and isolated 
lines and spaces down to 0.14 nm. The pattern shape was rectangular and only minor standing waves were observed. 
The DOF of the isolated patterns was larger than 1 .0 jim for 0.16 pm features. 

[0308] The e-beam exposed material resolved dense lines and spaces down to 0.1 6 urn and isolated lines down to 
0.11 um. The DOF of the isolated patterns was larger than 1 .0 ^m for 0.15 nm features. 

Examples 209 and 210: 

[0309] A terpolymer of a 4-hydroxystyrene derivative, 4-(t-butoxystyrene) and 4-t-butylcarbonylmethyloxy styrene 
was prepared by acid hydrolysis of monodisperse poly-4-t-butoxystyrene to leave 15% of the butoxy groups intact. A 
part of the hydroxy groups in the copolymer were reacted with t-butyl bromoacetate in the presence of triethylamine as 
a catalyst. The terpolymer had an average molecular weight of 8,700 with a polydispersity of 1.06 as determined by 
GPC using polystyrene as the standard, and the molar ratio of 4-hydroxystyrene : 4-(t-butoxystyrene : 4-t-butylcarbony- 
ioxystrene was 7.1 : 1 .4 : 1 .5 as measured by 1 H NMR (POLY 208). 

[031 0] The following ingredients were mixed together to prepare a solution of a positive-working chemically ampli- 
fied radiation sensitive composition suitable for DUV (248 nm) and x-ray exposure: 

9.8 g of the above terpolymer, 

0.2 g of bis-(t-butylcarbonylmethyloxyphenyl) iodonium nonafluorobutane sulfonate. 
0.15 g of tris-(t-butylcarbonylmethyloxyphenyl) sulfonium nonafluorobutane sulfonate, 
0.03 g of tributylammonium pyrovate, 
0.004 g of Megafac R-08 (tradename), and 
64.2 g of methyl amyl ketone. 

[0311] The solution was filtered, spin-coated on two HMDS treated silicon wafers and baked on a hot plate (90 
sec/1 00°C) to yield a layer having a thickness of 0.72 urn. One of the recording materials was exposed with excimer 
laser radiation provided by a Nikon NSR 2005 EX 10B stepper (NA = 0.55. a = 0.55) using a mask with lines and spaces 
patterns down to 0.10 nm at a dose of 25 mJ/cm 2 . The other recording material was patternwise exposed with x-ray 
radiation provided by a 0.6 GeV superconducting beam storage ring with a peak wavelength of 7.5 A using a Karl Suss 
XRS-200/3 stepper with a proximity gap of 30 jim at a dose of 70 mJ/cm 2 The x-ray mask had lines and spaces pattern 
down to 100 nm and was composed of 0.5 jxm thick W-Ti absorber on a 2.0 pjn thick SiC membrane. The exposed 
wafers were baked for 90 seconds at 110°C and developed as described in Example 201. 

[0312] The excimer laser exposed material resolved dense lines and spaces patterns down to 0.16 jim but the iso- 
lated lines were somewhat unstable and collapsed at geometries below 0.18 pm. The pattern shape was rectangular 
and only minor standing waves were observed. 

[031 3] The DOF of the isolated patterns was larger than 1 .0 um for 0. 1 6 ^im features. 

[0314] The x-ray exposed material resolved dense lines and spaces down to 0.14 ^m and isolated lines down to 
0.14 pm. At smaller geometries the patterns tended to collapse. The DOF of the isolated patterns was larger than 1 .0 
jim for 0. 1 5 jim features. 

Example 21 1 : 

[031 5] The following ingredients were mixed together to prepare a solution of a positive-working chemically ampli- 
fied radiation sensitive composition suitable for DUV (248 nm) exposure: 
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9.8 g of the terpolymer described in Example 207 (POLY 207), 

0.8 g of 4.4X1 -methylethylidene) bis-[4.1-phenyleneoxy acetic acid] di(1,1-dimethylethyl) ester 
0.2 g of bis-(4-cyclohexylphenyl) phenyl sulfonium nonaf luorobutane sulfonate 
0.03 g of triphenyl sulfonium hydroxide. 

absorber) 3 C ° ndenSati ° n product ° f 2 mo,es 9-anthrylmethanol reacted with 1 mole toluene-1 .3<Jiisocyanate (DUV 

0.004 g of Megafac R-08 (tradename), and 

64.2 g propylene glycol monomethyl ether acetate. 

W m ]fLo^ B S ?^° n W3S filtered> SP'™ 03 *^ on a HMDS treated silicon wafer and baked on a hot elate f90 
u ° ?!L y ' eld 3 ,ayer havin9 a •**"•» of 0 55 ^ ^ed as described previously (NA^O 55) at a dose cf 35 
mJ/cm 2 . baked for 90 seconds at 120»C and developed. ' 

¥2 S.Hom^K mat6rial denSe ^ and SpaC6S ****** d0wn to 0 " 1 6 ^ and iso1 ^ lines down to 0 1 4 urn 

» was ffo^^CSS? 0n ' y ^ Standin9 ~ ^ ° bSerVed - ^ ° OF ° f iS ° ,ated ^ 
Examples 212 and 213: 

[0318] 4-Hydroxystyrene, tetracyclododecyl methacrylate, t-butyl methacrylate and methacrylic acid 2-tetrahvdro- 
nZ7«Tn T V iCa ^ merlzed in the P resence * 2,2^azobi S (isobutyronitrile) as a polymerization initial to 
prepare a quaterpolymer. The quaterpolymer had an average molecular weight of 13,200 with a polydispersitv & 2 4 
as determined by GPC using polystyrene as the standard, and the monomer ratio of the components was 1 5 • 3 5 2 5 
: 2.5 as measured by 1 HNMR (POLY 209). ' 

!?? 9 lr f0ll ° Win9 ingredients were mixed t0 9 etner ^ prepare a solution of a positive-working chemically ampli- 

fied radiation sensitive composition suitable for DUV (248 nm) exposure and VDUV (1 93 nm) exposure: 

7.8 g of the quaterpolymer described above, 

2.8 g of 4,4^1 -methylethylidene) bis-[4,1-cyclohexyleneoxy acetic acid] di(1,1-dimethylethyl) ester 
0.2 g of bis-(4-cyclohexytphenyl) iodonium nonafluorobutane sulfonate 
30 0.03 g of triethanolamine, 

0.004 g of Megafac R-08 (tradename), and 

64.2 g of propylene glycol monomethyl ether acetate. 
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2 1 . SOlUt, ° n WaS fiItered ' s P in - coated on two silicon wafers pretreated with AZ® KrF-2, a commercially sv»il- 
able antiref ective coating available from Clariant Japan K.K, baked for 90 seconds at 120«C to yield a layer haWa 
thictaiess of 0.55 ± 0.02 urn, and one wafer was exposed as described in Example 201 (NA = 0.55 a = 0 80) at a dese 
of 26 rrU/crr^, while the other wafer was exposed with an ISI ArF stepper with a NA = 0.60 and a a = 0 75 at a dos- of 
1 2.5 mJ/cm . The exposed wafers were baked for 90 seconds at 1 25°C and developed. 

[0321] The KrF excimer laser exposed material resolved dense lines and spaces patterns below 0 16 urn isolated 
ines down to 0. 1 4 urn, but both with a slight tendency to form T-tops. The ArF excimer laser exposed material shewed 
the same resolution and pattern characteristics as the KrF excimer laser exposed material, however the DOF of 0 is 
Mm lines exceeded that of the KrF exposed material by 25%. 

Examples 214-237: 

?S -r Z* 6 fol,owln9 wfiation sensitive compositions were prepared and processed according to the steps indi- 
cated in Table 203, where 

"Polymer" denotes the polymer used, 

TAG" denotes the PAG (photoacid generator) used, 

"Disslnh" denotes the dissolution inhibitor used, 

"Base" denotes the basic additive used. 

"Solv" denotes the solvent used, 

"Ratio" denotes the component ratio in parts by weight used. 

^Substrate" denotes the substrate to be coated with the radiation sensitive composition used. 

"PB" denotes the applied prebake conditions (temperature/time), 

"FT" denotes the film thickness of the radiation sensitive composition used, 

"Exposure Type" denotes the radiation wavelength employed (ArF = 193 nm excimer laser, KrF = 248 nm excimer 
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laser, i-line = 365 nm quartz lamp, e-beam = 30 keV electron beams, x-ray = 1.3 nm), 

"Dose" denotes the applied exposure dose (in mJ/cm 2 for ArF. KrF, l-line and x-rays and in M C/cm 2 for e-beam) 
PEB denotes the applied post exposure bake conditions (temperature/time), 

"Dev" denotes conditions for development (temperature/time) with an aqueous 2.38% tetramethyl ammonium 
hydroxide solution, 

"Res" denotes the resolution capability of dense 1 :1 lines and spaces, 

"Delay Stability" denotes the linewidth change < 10% upon delay between exposure and post exposure bake 
"Profile Angle" denotes the angle between the substrate and the sidewaJI of 0.25 M m line patterns and 
"DOF" denotes the depth of focus of 0.25 lines. ' 
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[0323] The following abbreviations were used for the ingredients shown in the table. 
POLY 201 to POLY 209 = see the above examples 
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po, v = POly - (4 - hydrox y st y rene - c °- 4 -( 1 -ethoxyethoxy)styrene). 6.7 : 3.3; Mw = 8 700- D-112- 

POLY III = ^! y 11"K rTOy ^ ryene " C0 " t " bUty,methaCrylate): 7 2 : 2 8: Mw « 1 1.400; D = i .86- ' 
POLY 21? = E y " 4 -^ rox y st y rene -co-4-(1 -ethoxyisopropoxyjstyrene; 6.9 : 3.1 ; Mw = 8,200; D = 114- 
PoE 214 = ^^^^"^"t-butyl vinylphenoxyacetate); 6.8 : 3.2; Mw = 15.200. D = 2 21 ■ 
^fo /i.^^"^ 6.0 : 3.2 ff 0.8: Mw = 

« Sr^^f^ 6 "^ « : 2.5 : 

POLY 217 = poly-(4-hydroxystyrene-co-styrene-co-4-t-butyl vinylphenoxyacetate); 6.0 : 2.0 : 2.0; Mw = 12.300; D = 

POLY 220 = poly-(4-hydroxystyrene-co-2-hydroxystyrene); 2 : 8; Mw = 9 200 D - 1 85- 

methacrylate-co-mevalonyf methacrylate); 1:6:3; 

so PAG 201 to PAG 215 L see the above synthesis examples 

PAG 217 = bis-(4-butoxyphenyl diphenyl sulfonium nonafluorobutane sulfonate, 

PAG 218 = bis-(4-methylphenyl) phenyl sulfonium nonafluorobutane sulfonate, ' 

PAG 219 = tris-(4-chIorophenyl) sulfonium nonafluorobutane sulfonate, 

PAG 220 = tris-(t-butyloxycarbonyloxyphenyl) nonafluorobutane sulfonate 
2o PAG 221 = phenyl dimethyl sulfonium nonafluorobutane sulfonate, 

d^Soo 2 = 4 " hydrox y- 3 - 5 - djmeth y , Phenyl diphenyl sulfonium nonafluorobutane sulfonate 
223 = 2-naphthylcarbonylmethyf dimethyl nonafluorobutane sulfonate. 

PAG 224 = di-(4-t-buty!oxyphenyl) iodonium nonafluorobutane sulfonate, 

PAG 225 = di-(4-t-butylcarbonylmethyloxyphenyl) nonafluorobutane sulfonate 
30 PAG 226 = 4-t-butyfphenyl phenyl iodonium nonafluorobutane sulfonate 

?°? = f'W'dene tris-[4,1-phenyleneoxy acetic acid]-tris.(1,1.d«methylethyl)ester, 

n X 22 = ( ;7!^ ,ethyl ^^ acid ester 

S = ^'dene-tris-^liDhenylene-tris-fl.l^imethylethyOcarbonic acid ester 
^ BASE 201 = tetramethyl ammonium hydroxide, 
BASE 202 = tetra-n-butyl ammonium hydroxide, 
BASE 203 = tetra-n-butyl ammonium lactate, 
BASE 204 = methyldicyclohexylamine, 
BASE 205 = tri-n-octylamine. 
« BASE 206 = triethanolamine, 

BASE 207 s triphenyl sulfonium acetate, 
SOLV 201 = propylene glycol monomethyl ether acetate, 
SOLV 202 = ethyl lactate, 
SOLV 203 = methyl amyl ketone, 

BARC 201 = DUV BARC AZ® KrF-3B® (available from Clariant Japan K K ) 
BARC 202 = DUV BARC CD-9® (available from Brewer Science) 
BARC 203 = DUV BARC DUV18® (available from Brewer Science) 
BARC 204 = DUV BARC DUV42® (available from Brewer Science)' 
BARC 205 = Mine BARC A2® BartJ® II (available from Clariant Japan K.K.). 

[0324] All formulations contain a minor amount(< 0.01 ppw) of Megafac R-08 (tradename) surfactant. 
Example 238 and Comparative Examples 205 and 206: 

55 iSL "J V° ,,OWlng ingredients were mixed t °9 ether to P re P^e three solutions of a positive-working chemicallv 
amplified radiation sensrtive composition suitable for DUV (248 nm) exposure: wording cnemicaiiy 

9.8 g of the terpolymer (POLY 202) of the Example 202, 
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0.52 g (0.708 mmol) of tris-(4-t-butylphenyl) sulfonium nonafluorobutane sulfonate (Example 238), 

0.66 g (0.708 mmol) of tris-(4-t-butylphenyl) sulfonium perfluorooctane sulfonate (Comparative Example 205) or 

0.41 g (0.708 mmol) of tris-(4-t-butylphenyl) sulfonium trrfluoromethane sulfonate (Comparative Example 206) 

0.02 g of triphenyl sulfonium acetate, * pa 

0.004 g of Megafac R-08 (tradename), and 

64.2 g of propylene glycol monomethyl ether acetate. 

[0326] For comparison, positive- working chemically amplified radiation sensitive composition solutions w*re pre- 
pared in the same manner as described just above, except that 0.66 g (0.708 mmol) of tris-(4-t-butylphenyl)sulfonium 
perfluorooctane sulfonate (Comparative Example 205) or 0.41 g (0.708 mmol) of tris-(4-t-butylpheny!)sulfonium trifluor- 
omethane sulfonate (Comparative Example 206) was used instead of 0.52 g (0.708 mmol) of tris-(4-t-butylphenyl)sul- 
fonium nonafluorobutane sulfonate. 

[0327] The solutions were filtered, and spin coated on two silicon wafers each, which have been precoated with 
DUV 30. an anti reflective coating provided by Brewer Science at a film thickness of 90 nm (bake conditions: 190°C/60 
sec). The substrate reflectivity at this film thickness was approximately 6%. The films were baked for 90 seconds at 
1 20°C to yield films having a thickness of 0.72 ± 0.01 \im and exposed as described in Example 201 . The exposure was 
followed by a post exposure bake at 1 20°C for 60 seconds and a development. 
[0328] The following results (Table 204) were obtained. 



Table 204 





Example 238 


Comparative Example 
205 


Comparative Example 
206 


Dose (mJ/cm 2 ) 


25 (2) 


33 (3) 


j 24 (1) 


Dense Line Resolution (pm) 


0.20 (1) 


0.24 (3) 


0.22(1) 


Isolated Line Resolution (nm) 


0.12 (1) 


0.15 (3) 


0.13(2) 


Dense Line DOF @ 0.22 jim (^m) 


0.5-0.6(1) 


0.0 (3) 


0.3 - 0.4 (2) 


Isolated Line DOF @ 0.22 fim frim) 


1.8(1) 


1.6 (3) 


1.7-1.8 (2) 


Dense Pattern Profile @ 0.18 ^im 


Very Good (1) 


good (2) 


Good (2) 


Isolated Pattern Profile @ 0.15 pm 


Good(1) 


Film Loss (3) 


Tapered (2) 


Standing Waves 


Visible (2) 


Strong (2) 


Visible (1) 


Dense/iso bias @ 0.22 \im (nm) 


12(1) 


Na (3) 


23 (2) 



[0329] The test items in the table were the same as those in Table 203. From these results, it can be concluded that 
the material of the present invention has some superiority in the overall performance. 

Example 239 and Comparative Examples 207 and 208: 

[0330] The following ingredients were mixed together to prepare three solutions of a positive-working chemically 
amplified radiation sensitive composition suitable for DUV (248 nm) exposure. 

9.8 g of the terpolymer (POLY 203) of Example 203, 
0.5 g of a,a-bis(cyclohexylsulfonyl)diazomethane f 

0.52 g of tris-(4-t-butylphenyl) sulfonium nonafluorobutane sulfonate (Example 239), 

0.03 g of triphenyl sulfonium acetate, 

0.004 g of Megafac R-08 (tradename), and 

64.2 g of propylene glycol monomethyl ether acetate. 



[0331] For comparison, positive-working chemically amplified radiation sensitive composition solutions were pre- 
pared in the same manner as described just above, except that 0.52 g of tris-(4-t-butylphenyl)sulfonium trrfluorometh- 
ane sulfonate (Comparative Example 207) or 0.52 g of bis-(4-t-butylphenyl)iodonium trifluoromethane sulfonate 
(Comparative Example 208) was used instead of 0.52 g of tris-(4-t-butylphenyl)suifonium nonafluorobutane sulfonate. 
[0332] The solutions were filtered, and spin coated on two silicon wafers each, which have been precoated with 
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25^ by ? eW6r SdenCe C0rp " USA " at 3 fi,m thickness of 60 ™ < b ^ conditions- 

200 C/60 sec). The substrate reflectivity at this film thickness was less than 5 %. Baking for 90 seconds at 90°C ' 

vtied a layer having a thickness of 0.65 ± 0.01 am. Top-view inspection of the photoresists' by mfci^Jl^^ 

e ectron microscope ind.cated that all three films exhibited smooth surfaces without any sign of pinholes w5T2 

ZlT Q 'Jnl reC ° rd,nS matena,S W6re eXP ° Sed 35 described ln Exam ? ,e 201 < NA - 0 55Ta = 0 55) usin^Xone 
mask with 0.3 urn contact hole patterns at the following dose, baked at 1 05«C for 90 seconds and deic?eS 

[0333] The results are summarized in Table 205. 
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Table 205 



15 



20 



25 



30 



35 



40 



45 



50 



55 





Example 239 


Comparative Example 

207 


Comparative Example 
208 


Dose (mJ/cm 2 ) 


45 (3) 


44 (2) 


35(1) 


Dense C/H Resolution (urn) 


0.22 (1) 


0.22 (1) 


0.22 (1) 


Isolated C/H Resolution (urn) 


0.22 (1) 


0.23 (2) 


0.23 (2) 


Dense C/H DOF @ 0.25 urn ( u m) 


1.8(1) 


1.7 (2) 


1.6(3) 


Isolated C/H DOF @ 0.25 um (urn) 


1.3(1) 


1.1 (3) 


1.2(2) 


C/H Sidewalls @ 0.25 |im 


Vertical (1) 


Vertical (1) 


Tapered (2) 


C/H Bottom @ 0.25 um 


Good (1) 


Foot (2) 


Undercut (3) 


C/H Top @ 0.25 jim 


Clear (1) 


Round (3) 


Round (2) 


Standing Waves — 


Visible (1) 


Visible (1) 


Visible (1) 


Surface After Development 


Smooth (1) 


Popcorn (2) 


Popcorn (2) 



[0334] The test items were the same as those in Table 203. 

ErthL resist " r6SU ' tS "^'^ ^ mM * ^ ' menti ° n SUp&i ° r in P erforman « also in use as con- 

Example 240 and Comparative Example 209: 

to prepare U££5^ ^'^-hydroxystyrene) (provided from Nippon Soda Corp.) was reacted with ethyl vinyl ether 

E I® ?°P° lymer had a ^lecular weight of 6.800 with 32% of the phenolic hydroxy groups protected 

SL J? 6 * ° W,n9 - ,n9redients were mixed to 9 etner 10 P r eP a ^e two solutions of a positive-working chemically 
amplified radiation sensitive composition suitable for DUV (248 nm) exposure. 'em.ca.iy 

9.8 g of the above resin. 

1 ^ 9 °\H f^} etherderivative Prepared by the Williamson ether reaction of 1 mol bisphenol A with 2 moles 2- 
chloroethyl vinyl ether, 

0.52 g (0.708 mmol) of tris-(4-t-butylphenyl) sulfonium nonafluorobutane sulfonate (Example 240) 

0.03 g of triphenyl sulfonium acetate, 

0.004 g of Megafac R-08 (tradename), and 

64.2 g of propylene glycol monomethyl ether acetate. 

[0339] For comparison, positive-working chemically amplified radiation sensitive composition solutions were pre- 

t P rl™mot e hfr e TT,^ d6SCribed jUS * 6XCept 0 41 9 (a708 mmol > of fris-(4-t.butylphenyl)sulfonium 

M uoromethane sulfonate (Comparative Example 209) was used instead of 0.52 g (0.708 mmol) of tris-(4-t-butylphe- 
nyl)sulfonium nonafluorobutane sulfonate. ' K 

l hUS ° btained W6re meted 3nd Spin C ° aied ° n tW ° silicon which have been pre- 

coated with AZ KrF-2 (tradename), an antirefleclive coating provided by Clariant Japan K.K.. at a film thickness of 60 

nf"^ ! n°nf tions :2 20 ° C/60 sec >- The Photoresist films were baked for 90 seconds at 11 5°C to yield a film thickness 
of 0.62 ± 0.01 urn. After exposure as described in Example 201 (NA = 0.55. a = 0.55) at a dose of 32 mJ/cm 2 the 
exposed wafers were baked at 1 20°C for 90 seconds and developed. 

[0341] The recording material of the present invention resolved lines and spaces don to 0.20 urn with vertical side- 
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walls profiles. The material of the Comparative Example 209 showed a resolution limit at 0.28 M m and strong foot for- 
mation. A dissolution rate analysis revealed that the contrast of the comparative material was significantly degraded 
probably due to a crosslinking reaction of the divinyt ether derivative at the selected post exposure bake temperature. 

Example 241: 

[0342] The following ingredients were mixed together to prepare two positive-working chemically amplified radiation 
sensitive composition solutions suitable for Mine (365 nm) exposure: 

8.6 g of a copolymer (molecular weight 1 2,200) of 3-methyl-4-hydroxystyrene and 4-hydroxystyrene (2:1), 

2.8 g of the poly-N.O-acetal described in Example 238, 

0.45 g of 2-anthryl diphenyl sulfonium nonafluorobutane sulfonate, 

0.04 g of triphenyl sulfonium hydroxide, 

0.004 g of Megafac R-08 (tradename), and 

88.5 g of ethyl lactate. 

[0343] The solution thus obtained was filtered and spin coated on a wafer precoated with a 160 nm thick film of AZ 
Barli (tradename), a commercial antireflective coating available from Clariant Japan K.K., which has been baked at 
200°C for 60 seconds. The photoresist was baked at 110°C for 60 seconds to give a film thickness of 850 nm. The 
coated wafer was exposed through a mask with line and space patterns down to 0.20 fim using a Nikon SNR1705I step- 
per (NA = 0.50) at a dose of 56 mJ/cm 2 . After the exposure, the wafer was baked at 90°C for 60 seconds and developed 
as described in Example 201. After pure water rinsing, the wafer was dried and observed under SEM. The material 
resolved 0.26 urn lines and space patterns free of scum and T-top formation. 

Example 242: 

[0344] Two solutions of a positive- working chemically amplified radiation sensitive composition suitable for VDUV 
(193 nm) exposure were prepared by mixing the following ingredients together: 

1 1 .1 4 g of poly(2-hydroxystyrene-co-2-methyl-2-adamarrtyl methacrylate-co-mevaionic lactone methacrylate) with 

a molecular weight of 8.000 and a polydisersity of 1 .82, 

0.31 g of bis-4-cyclohexylphenyl iodonium nonafluorobutane sulfonate, 

0.04 g of methyl diethanolamine. 

0.004 g of Megafac R-08 (tradename), and 

88.5 g of ethyl lactate. 

[0345] The solution thus obtained was filtered and spin coated on a wafer precoated with a 60 nm thick film of an 
experimental methacrylate based antireflective coating provided by Clariant Japan K.K., which has been baked at 
200°C for 60 seconds. The photoresist was baked at 90°C for 60 seconds to give a film thickness of 450 nm and 
exposed through a mask with line and space patterns down to 0. 1 0 jim using a ISI ArF excimer laser with a NA = 0.60 
at a dose of 14.5 mJ/cm 2 . After the exposure, the wafer was baked at 1 10°C for 60 seconds and developed with an 
aqueous developer A2 MIF 300 (tradename: available from Clariant Japan K.K.) containing 2.38% tetramethyl ammo- 
nium hydroxide for 60 seconds at 23°C. The material resolved 0.14 jim lines and space pattern without any T-top for- 
mation. The interface between the antireflective coating and the photoresist was free of scum. 

Example 243: 

[0346] Two solutions of negative-working chemically amplified radiation sensitive composition suitable for DUV 
(248 nm) exposure were prepared by mixing the following ingredients together: 

7.9 g of a copolymer of 4-hydroxystyrene and styrene prepared by radical polymerization in the presence of 2.2- 

azobis(4-methoxy-2,4-dimethyIvaleronitrile) as a polymerization initiator, the copolymer having a molecular weight 

of 9.200 and a polydispersity of 2.14 as determined by GPC using polystyrene as the standard and a monomer 

ratio of w : 2 as determined by 1 H-NMR, 

2.0 g of distilled hexamethoxymethyl melamine, 

0.3 g of tris-(4-t-butylphenyl) sulfonium nonafluorobutane sulfonate, 

0.02 g of tetrabutyl ammonium lactate, 

0.004 g of Megafac R-08 (tradename), and 
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62.4 g of propylene glycol monomethyl ether acetate. 

[0347] The solution thus obtained was filtered, spin coated onto a HMDS treated silicon wafer at 3 nnn mm 
baked on a hot plate at 1 15'C for 60 seconds. The resulting film thickness was 0 72 J P ' 

5 l °^ 8 l , An exposure as described in Example 201 followed at a dose of 32 ml/cm 2 The exposed material wa* th Pn 
subjected to a post exposure bake on a hot plate at 125°C for 90 seconds and developed 

wh^nl „nc?of \7 T f d SPaCe , $ reSOlV6d d0Wn 10 0 20 " m - ,so,ated ,ines wer * resolved down to 0 16 urn 
when a dose of 38 mJ/cm 2 was apphed. The depth-of-focus of the 0.16 urn lines was about 0.80 urn. 

io Examples 244 and 245: 

[0350] A solution of negative-working chemically amplified radiation sensitive composition suitable for DUV (248 
nm) and e-beam exposure was prepared by mixing the following ingredients together: 

of 2 2 -azob.s isobutyromtr.le) as a polymer.zat.on initiator, the copoylmer having a molecular weight of 9 600 and 

L ^SSS^i H 2 N " R determined ^ USin9 PO ' yStyrefle 95 Standard 3nd 3 -°no-r 9 ratio of 7 8 . 2 2 
2.0 g of recrystallized tetramethoxymethyl glucoril, 
20 0.5 g of tetrabutoxymethyl glucoril, 

0.3 g of tris-(4-t-butylphenyf) sulfonium nonafluorobutane sulfonate, 
0.02 g of tetramethyl ammonium hydroxide, 
0.004 g of Megafac R-08 (tradename), and 
62.4 g of propylene glycol monomethyl ether acetate. 

[0351] The solution thus obtained was filtered and spin coated onto two silicon wafers treated with an adhesion oro- 
moter (hexamethyl disilazane) at 3.000 rpm. After baking on a hot pfcte at 95>C for 60 seconds, a film thickness of 0 74 
± jam was obtained. 

[0352] One wafer was subjected to an exposure through a mask with fine lines and space patterns down to 0 10 
urn using a N.kon NSR 2005 EX 10B KrF excimer laser stepper (NA = 0.55, a = 0.80) at a dose of 24 
wafer was exposed with e-beam using the e-beam writer described in Example 208 at a dose of 14 3 uC/cm 2 
an?develop^ expOSQ6 matefia ' S then wefe sub i ected to a P 051 exposure bake on a hot plate at 95°C for 90 seconds 

! 035 ?L w ThG 6XCimer ' aSer 6Xp0Sed mateflal resolved flne " nes and s ^ ces down to 0.20 urn. Isolated lines were 
resolved down to 0.15 when a dose of 31 mJ/cm 2 was applied. The depth-of-fccus of the 0 15 urn lines was aboLt 

[0355] The e-beam exposed material yielded isolated lines with a linewidth below 0. 1 0 urn. 
Examples 246 and 247: 

40 

Sff 6J ^ so,utions of a negative-working chemically amplified radiation sensitive composition suitable for DUV 
(^4S nm) and x-ray exposure were prepared by mixing the following ingredients together: 

5 , 9 , ? flf ^polymer of 4-hydroxystyrene, styrene and N-hydroxym ethyl methacrylamide with a molecular we/ant 
« of 1 1,500, a polydispersity of 1.69, and a monomer ratio of 8 : 1.8 : 0.2, 

1 .5 g of recrystallized tetramethoxymethyl glucoril, 

0.5 g of 4,4-(1-methylethylidene)-bis-[2 t 6-bis-(hydroxymethyl)-phenol] 

0.3 g of bis-(t-butyfphenyl) iodonium nonafluorobutane sulfonate, 

0.02 g of tetramethyl ammonium hydroxide, 
so 0.004 g of Megafac R-08 (tradename), and 

62.4 g of propylene glycol monomethyl ether acetate. 

[0357] The solution thus obtained was filtered and spin coated onto two silicon wafers treated with an adhesion oro- 
« m ^^ hexameth y , disilazane) at 3.000 rpm. After baking on a hot plate at 95'C for 60 seconds, a film thickness of 0 67 
55 ± 0.02 urn was obtained. 

[0358] One of the wafers was subjected to an exposure through a mask with fine lines and space patterns down to 
0 10 nm using a Nikon NSR 2005 EX 10B KrF excimer laser stepper (NA = 0.55, a = 0.55) at a dose of 18 mJ/cm™ The 
other wafer was exposed with x-rays as described in Example 210 at a dose of 52 mJ/cm 2 The exposed materials were 
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then subjected to a post exposure bake on a hot plate at 95°C for 90 seconds and developed. 
[0359] The fine lines and spaces of the excimer laser exposed material were resolved down to 0 22 urn Isolated 
lines were resolved down to 0.18 urn when a dose of 25 mj/cm 2 was applied. The depth-of-focus of the 0 18 urn lines 
was about 1 .25 urn. H 

[0360] The x-ray exposed material resolved dense lines and spaces down to 0.16 urn while isolated lines were 
resolved down below 0.1 6 urn. 

Example 248 and Comparative Example 210: 

[0361 ] Two negative-working chemically amplified radiation sensitive composition solutions suitable for Mine (365 
nm) exposure were prepared by mixing the following ingredients together: 

7.2 g of a copolymer (molecular weight 15,000, glass transition temperature 145°C) of 3,5<limethyl-4-hydroxYstv- 

rene and 4-hydroxystyrene (3:7), 

2.0 g of distilled hexamethoxymethyl melamine, 

0.02 g of tetramethyl ammonium hydroxide, 

0.004 g of Megafac R-08 (tradename), and 

42.4 g of propylene glycol monomethyl ether acetate. 

[0362] To one of the base formulations, a solution of 0.35 g of (4-phenyl-thiophenyl) diphenyl sulfonium nonafluor- 
obutane sulfonate dissolved in 20 g of propylene glycol monomethyl ether acetate was added (Example 248) 
while to the other base formulation, 

0.35 g of (4-phenyl-thiophenyl) diphenyl sulfonium trif luoromethane sulfonate dissolved in 20 g of propylene glycol 
monomethyl ether acetate was added (Comparative Example 210). " a ' ^ 

[0363] The solutions thus obtained were filtered and spin coated onto HMDS treated silicon wafers at 2 400 rpm 
After baking on a hot plate at 90°C for 60 seconds, both materials yielded a film thickness of 1 .06 ± 0.03 urn. 
[0364] The wafers were subjected to an exposure through a mask with fine lines and space patterns down to 0 20 
using a Nikon NSR 1755i 7a i-line stepper at a dose of 82 mJ/cm 2 . The exposed materials were then baked on a 
hot plate at 105°C for 90 seconds and developed. 

[0365] The material of the Example 248 resolved 0.28 urn lines and spaces patterns and the profile of the resist 
patterns were ideally rectangular. No whisker-like raised portions or scum were observed. The dose to print isolated 
lines with a width of 0.28 urn was found to be 91 mJ/cm 2 . 

[0366] The material of the Comparative Example 210 also resolved 0.28 urn lines and spaces patterns. However 
the top of the line patterns was rounded, and the bottom of the line patterns had an undercut structure combined with 
severe scum. The dose to print isolated lines with a width of 0.28 urn was found to be 95 mj/cm 2 and therefore this for- 
mulation (Comparative Example 21 0) was judged to be clearly inferior to that of the Example 248 

Example 249 and Comparative Example 211: 

[0367] From Example 204, it is evident that the replacement of trif late based PAGs with the nonaflate based PAGs 
of the present invention yields radiation sensitive compositions with identical sensitivity and resolution capability. 
[0368] A first quartz wafer was coated with a solution containing a mixture of 

5.0 g of poly-(4-hydroxystyrene), and 

0.3 g of tris-(4-t-butylphenyl)sulfbnium nonafluorobutane sulfonate dissolved in 50 g of propylene glycol monome- 
thyl ether actetate and baked at 1 20°C for 60 seconds(Example 249. wafer 201 ). 

[0369] A second quartz wafer was coated with a solution containing a mixture of 

5.1 g poly-(4-hydroxystyrene), and 

0.3 g tris-(4-t-buty!phenyl)sulfonium triflate dissolved in 50 g propylene glycol monomethyl ether acetate and baked 
at 1 20°C for 60 seconds (Comparative Example 211. wafer 202). 

[0370] In addition, two other quartz wafers were coated with a solution of 

5.0 g poly-(4-t-butyloxycarbonyioxystyrene) dissolved in 50 g propylene glycol monomethyl ether acetate 



63 



TO 



EP 1 033 624 A1 

and baked at 90°C for 90 seconds (wafer 203 and wafer 204) 

and the film on wafer 204 with the film on wafer 202 each at a i^e o^^??^S ^ , ■ fer201 
jected to a flood irradiation with DUV KrF excimer 

:r t n h w js wafe : s 203 and 204 on the upper side - The wafers 203 ^ ** ™££L 

and their FIR spectra were again recorded. After substraction of the two soectra th^rTZl ,°Z ! f . 202 

became evident that 47% of the t-buty.oxycarbonyloxy gTZs^TpoZTon^er 204 I^ST^h* 
hydroxy groups by trif luoromethanesulfonic acid produced during e^u Hnd diffusa S! » £ ™? ^ "T 
post exposure bake, while on.y 14% of the t-buty1o^carbony.ox^roX"tn^ Z£^^Sf£E££^ Sf 
-ndicating that the trifluoromethane sulfonic acid produced frorr . waferlo2^S TmTr^^ th, ^ f ' 
obutane sulfonic acid produced from wafer 201. From this experiment ^ 

corrosive and volatile products which might cause destruction of the irladSion S2SS Sd ra e ESSES 
= o the workersissi g nKicant.y reduced, when «*Q«^ 



'5 invention 
Example 250 



20 



I 0372 *!-, J?. r ! diati ° n SensWve com P° sition ° f Example 241 was coated on a mechanically surface arained alumi 
kW ml^ml WeiQht f f 3bOUt 1 2 ^ ' Aft6r ima96WiSe exp0Sure throi ^ a Positive -worS o K2tST 5 
nl^ll 9 , S r C ! f ° r 23 SeCOndS< th9 foil W3S heated at 100 ° C for 8 minu ^ 'n a correction oven The 
pnnted ,mage was developed with a developer solution containing the following ingredients by a splush paSSle method 



5.0 g of sodium lauryl sulfate. 
25 1 .5 g of sodium metasilicate pentahydrate, 

1 .6 g of trisodium phosphate dodecahydrate. and 
92.5 g of ion-exchanged water. 
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Ei ! P ? ^f S " rinSGd With PUre Watef and dried " Step 6 of a silv er-film continuous-tone steo havina a 
2S,^2T^ !? t0 3 *° 5 f Pd d6nSlty lnCrementS ° f °- 1 5 W3S C ° mp,ete,y re P roduced on «W el« the s 

S ° n9,na ' W6re dear,y ViSib,a The Printing P ' ate obtained in the ™™*r described gave 32 000 
high quality impressions on a sheetfed offset printing machine. 9 ' 

Claims 

1 . A chemically amplified radiation sensitive composition comprising; 

an onium salt precursor which generates a fluorinated alkanesulfonic acid as a photoacid generator and 
a film forming hydroxystyrene based resin. 

2. The composition according to claim 1 , wherein the alkanesulfonic acid has 3 to 4 carbon atoms, 

3. The composition according to claim 1 , wherein the onium salt precursor which generates a fluorinated alkanesul- 
fonic acid is a sulfonium or iodonium salt of 3,3,3,2, 1 , 1-hexafluoropropane sulfonate or nonafluorobutane sulfonate. 

4. The composition according to claim 1 , wherein the photoacid generator is a sulfonium or iodonium salt of a fluori- 
nated alkane sulfonic acid, represented by formula (I): 

VASCV (|, 
wherein A represents CF 3 CHFCF 2 or CF 3 CF 2 CF 2 CF 2 ; and Y represents 
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R 1 S+ R 3 or R 4 l + R 5 



wherein R 1 , R 2 , R 3 , R 4 , and R 5 each independently represent 
an alkyl group, 

a monocyclic or bicyclic alkyl group, 

a cyclic alkylcarbonyl group, 

a phenyl group, 

a naphthyl group, 

an anthryl group, 

a peryl group, 

a pyryl group, 

a thienyl group, 

an aralkyl group, or 

an aryicarbonylmethylene group, or 

any two of R 1 , R 2 , and R 3 or R 4 and R 5 together represent an alkylene or an oxyalkylene which forms a five- 
or six-membered ring together with the interposing sulfur or iodine, said ring being optionally condensed with 
aryl groups. 

one or more hydrogen atoms of R 1 , R 2 , R 3 , R 4 , and R 5 being optionally substituted by one or more groups 
selected from the group consisting of a halogen atom, an alkyl group, a cyclic alkyl group, an alkoxy group, a 
cyclic alkoxy group, a dialkylamino group, a cyclic dialkylamino group, a hydroxyl group, acyano group, a nitro 
group, an aryl 

group, an aryloxy group, an arylthio group, and groups of formulae (II) to (VI): 
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R 6 



O C OR 8 



00 



O C OR 9 

II 

O 



OH) 



R 



,10 



O C C OR 9 



(IV) 



R 11 O 



R 12 



O Si R 13 (V) 



I 



R 12 



C OR 9 (VI) 



wherein R and R 7 each independently represent a hydrogen atom, an alkyl group, which may be substi- 
Urted by one or more halogen atoms, or a cyclic alkyl group, which may be substituted by onTor more u 
ogen atoms, or R s and R 7 together can represent an alkylene group to form a ring 
R represents an alkyl group, a cyclic alkyl group, or an aralkyl group, or R* and R^ together represent an 
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alkylene group which forms a ring together with the interposing -C-O- group, the carbon atom in the ring 
being optionally substituted by an oxygen atom, 

R 9 represents an alkyl group or a cyclic alkyl group, one or two carbon atoms in the alkyl group or the cyclic 

alkyl group being optionally substituted by an oxygen atom, an aryl group, or an aralkyl group, 

R 10 and R 11 each independently represent a hydrogen atom, an alkyl group, or a cyclic alkyl group. 

R 12 represents an alkyl group, a cyclic alkyl group, an aryl group, or an aralkyl group, and 

R 13 represents an alkyl group, a cyclic alkyl group, an aryl group, an aralkyl group, the group -Si(R 12 ),R 13 

or the group -0-Si(R 12 ) 2 R 13 . ~ ' 

5. The composition according to claim 1, wherein the film forming hydroxystyrene based resin is a polymer of 4- 
hydroxystyrene, 3-hydroxystyrene, or 2-hydroxystryene, or a co-. ter-, quater- or perrtapolymer of the styrenes and 
other monomers. 

6. The composition according to claim 1 , which is a positive-working chemically amplified radiation sensitive compo- 
sition. 

7. The composition according to claim 6, wherein the resin is made alkali insoluble by protecting alkali soluble groups 
on the resin with an acid cleavable protective group. 

8. The composition according to claim 7, wherein said resin has multiple acid cleavable C-O-C or C-O-Si bonds. 

9. The composition according to claim 6, wherein said resin has a molecular weight of 2,000 to 200,000 and a poly- 
dispersityof 1.01 to 2.80. 

10. The composition according to claim 6, which further comprises a dissolution inhibitor with at least one acid cleav- 
able C-O-C or C-O-Si bond. 

1 1 . The composition according to claim 10, wherein said dissolution inhibitor is a phenolic and/or carboxylic acid type 
compound with at least one acid cleavable C-O-C or C-O-Si bond and having a molecular weight of approximately 
100 to 20.000. ~ 

12. The composition according to claim 6, which further comprises other performance improving additives. 

13. The composition according to claim 12, which comprises: 

(1) 0.1 to 30 parts by weight of a sulfonium or iodonium salt of a fluorinated alkane sulfonic acid, represented 
by formula (I); 

(2) 100 parts by weight of said film forming hydroxystyrene based resin with multiple acid cleavable C-O-C or 
C-O-Si bonds; 

(3) 0 to 50 parts by weight of said dissolution inhibitor with at least one acid cleavable C-O-C or C-O-Si bond; 
and 

(4) 0.01 to 5.0 parts by weight of said performance improving additives. 

14. The composition according to claim 1 , which is a negative-working chemically amplified radiation sensitive compo- 
sition. 

15. The composition according to claim 14, wherein said film forming hydroxystyrene based resin is an alkali soluble 
and acid-sensitive self-crosslinkable resin. 

16. The composition according to claim 14, which further comprises an acid-sensitive crosslinking agent. 

1 7. The composition according to claim 14, wherein said resin has a molecular weight of 2.000 to 200,000 and a poly- 
dispersity of 1 .01 to 2.80. 

18. The composition according to 16. wherein said crosslinking agent is a melamine/formaldehyde condensate and/or 
a urea/formaldehyde condensate with at least two acid-crosslinkable groups. 

19. The composition according to claim 14, which further comprises other performance improving additives. 
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.. 20. The composition according to claim 1 9, which comprises: 

(1) 0.1 to 30 parts by weight of a sulfonium or iodonium salt of a fluorinated aikane sulfonic acid, represented 

5 (2) 1 00 parts by weight of said hydroxyl styrene based resin; 

(3) 3 to 70 parts by weight of said acid-sensitive crosslinking agent; and 

(4) 0.01 to 5.0 parts by weight of performance improving additives. 

21 . The »mnta to claim 1 wherein said radiation sensitive photoacid generator is a compound of for- 
10 mula (I), where R 1 , R 2 , R 3 , R 4 , and R 5 each independently represent 

a alkyl group, 

a Ce-12 monocyclic or bicyclic alkyl group, 

a C 4 _i 2 cyclic alkylcarbonyl group, 
15 a phenyl group, 

a naphtyl group, 

an anthryl group, 

a peryl group, 

a pyryl group, 
so a thienyl group, 

an aralkyl group, or 

an arylcarbonylmethylene group with up to 15 carbon atoms, or any two of R\ R 2 , and R 3 or R 4 and R 5 
together represent an alkylene or an oxyalkylene which forms a five- or six-membered ring together with the 
interposing sulfur or iodine atom, said ring being optionally condensed with aryl groups. 

25 

22. The composition according to claim 21. wherein said radiation sensitive photoacid generator is a compound of for- 
mula (I), 

wherein one or more hydrogen atoms of R 1 . R 2 . R 3 . R 4 . and R 5 are optionally substituted by at least one group 
selected from the group consisting of a halogen atom, a C,. 6 alkyl group, a C 3 . 6 cyclic alkyl group a C, . alkoxy 
group, a C 3 . 6 cyclic alkoxy group, a di-C^g alkylamino group, a cyclic di-C 6 . 12 alkyla.-nino group, a hydroxy! group 

f!° 9r °" p ;» an ary ' 9r0UP - an ary,0xy 9roup ' an ary,thio 9 rou P- »*> 9 rou PS represented by formu- 
lae (II), (III), (IV), (V), and (VI). 

wherein R 6 and R 7 each independently represent a hydrogen atom, a C,. 6 alkyl group, which may be substituted 
by one or more halogen atoms, or a C3. s cyclic alkyl group, which may be substitrted by one or more halogen 
atoms, or R and R' together represent an alkylene group to form a five-membered or six-membered ring, 

R 8 represents a C,. 6 alkyl group, a C 3 . 6 cyclic alkyl group, or a C 7 . 12 aralkyl group, or R 6 and R 3 together rep- 
resent an alkylene group which forms a five- or six-membered ring together with the interposing -C-O- group 
the carbon atom in the ring being optionally substituted by an oxygen atom. 

R 9 represents a C,. 6 alkyl group or a C 3 . 6 cyclic alkyl group, one or two carbon atoms in the alkyl group or the 
cyclic alkyl group being optionally substituted by an oxygen atom, a C s . 12 aryl group, or a C 7 12 aralkyl group 
R 1 and R each independently represent a hydrogen atom, a C, . 6 alkyl group, or a Qj.s cyclic alkyl group ' 
R represents a C,. 6 alkyl group, a C 3 . 6 cyclic alkyl group, a C 6 . 12 aryl group, or a C 7 . 12 aralkyl group, and' 

!WESVS iSSSSgfitff" ^ 9f0UP - 3 C - ary ' 3 <*« ^ ^up. group - 

23. The composition according to claim 1 , wherein, in the compound of formula (I), 

R 1 , R 2 . R 3 , R 4 and R 5 each independently represent a alkyl group, a Cg.s monocyclic alkyl group, C 10 12 
bicyclic alkyl group, a C 3 . 6 cyclic alkylcarbonyl group, a phenyl group, or a naphthyl group, or any two of R 1 R 2 
and R , or R 4 and R 5 together represent an alkylene group to form a five- or six-membered alkylene ring one 
or more hydrogen atoms of R 1 . R 2 , R 3 . R 4 , and R 5 optionally substituted by at least one group selected from 
the group consisting of a nydrogen atom, a halogen atom, a d. 6 alkyl group, a C 3 . € cyclic alkyl group a C, 6 
alkoxyl group, a C3-6 cyclic alkoxyl group, a hydroxyl group, an aryl group, an aryloxy group, an arylthio group 
55 and groups of formulae (II), (III), (IV). (V), and (VI), 

wherein R 6 and R 7 each independently represent either a hydrogen atom or a methyl group, provided that R 6 
and R do not simultaneously represent hydrogen. R 8 represents either a C v4 alkyl group or R 6 and R 8 
together represent an alkylene group which forms a ring together with the interposing -C-O- group, R 9 repre- 
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sentsa C^ 4 aikyl group, R 10 and R 11 represent a hydrogen atom, 
R 12 represents a methyl group, and 
R 13 represents a methyl group. 

24. The composition according to claim 1 , wherein said compound of formula (I) is a tris-(4-t-butylphenyl)sutfonium salt 
of a fluorinated alkane sulfonate. 

25. An iodonium salt of formula (I) as defined in claim 4. 

26. A sulfonium salt of formula (I) as defined in claim 4, wherein at least one hydrogen atom on group represented by 
R 1 , R 2 , or R 3 is substituted by a substituent defined in claim 3. 

27. Tris-(4-t-butylpheny1)sulfonium 3,3,3,2, 1 , 1 -hexaf luorobutane sulfonate. 

28. Tris-(4-t-butylphenyl)sulfonium nonafluorobutane sulfonate. 
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